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PREFACE. 


The present volumes, which are designed to 
take a systematic, but popular, survey of the 
most interesting features of the general science 
OF nature, for the purpose of elucidating what 
has been found obscure, controverting and cor- 
recting what has been felt erroneous, and deve- 
loping, by new and original views and hypotheses, 
much of what yet remains to be more satisfacto- 
rily explained derive their origin from the fbl. 
lowing circumstances : 

Towards the close of the year 1810 the author 
had the honour of receiving a visit from a depu- 
tation of the Directors of the Surrey Institu- 
tion, founded on what had been antecedently 
the Leverian Museum, with a i-equest on the 
part of their Chairman, Dr. Adam Clark, that he 
would undertake a department of lectures in 
that literary and scientific establishment 
*^he generous offer of leaving to himself 
ination of time, terms, and,’ subject, 
his inability of acceding to 
at that particular period; 
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'little more at liberty ^not Ipng afterwards, he 
Peadily colpeqt'y^ on a second application by 
Dr, I«ettsoin and other Directors ; and the en- 
suing volumes contain the course of study he 
v#Btured to make choice of ; the lectures hav- 
ing b#en divided into series, and delivered in 
sudcessive years. 

lit was his intention to have carried the plan 
/to a somewhat more protracted extent, though 
the present is sufficiently complete for the out- 
line laid down : but, though earnestly and re- 
peatedly pressed to proceed further, or even to 
go over the same lectures again, an augmented 
sphere of professional duties compelled him, 
with much reluctance, to decline the invitation ; . 
and the same cause has prevented him, till the 
present period, from fulfilling a subsequent re- 
quest to submit them to the public ; though he 
has always intended to do so as soon as he could 
find leisure. 

As the lectures were delivered from general 
recollection, though with the author’s manuscript 
at hand, it is possible that those who took notes 
may 'find a few passages in the present text 
"^lightly varied fi'ora what was uttered at the time, 
he believes tliat, upon an accurate examina- 
h discrepancies will be fttund but fe\^ 
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own reward. Its proprietaiy shares, like 'tlihle 
of every other literary institution in llife 
polis, were soon found to have been fined at tb6 
low a price. And, a difficulty having heeu ex* 
perienced in obtaining tl^ .consent of^^ery 
proprietor to an adequate idditional subset^’ 
tion, it was wisely resolved^ almost &om the 
first, to make a yearly encroachment u|>ofi[ the 
capital, and to maintain the Institution at its 
zenith of vigour and activity till the whole of 
such capital should be expended, rather than td 
let it live through a feeble and inefficient ex- 
istence, though for a Ipnger period of time, by 
limiting it td the narrow scale of its annual 
income alono. ar’ 

To the crowded and persevering audience 
by which, from year to year, the author had the 
gratification of being surrounded, many of whom 
are yet within the circle of his acquaintance and 
friendship, he still looks back with gratitude; 
and can never forget the ardour and punctualky* 
of their attendance. It is a lively recoUecthm, 
indeed, of the manner in which his laboiu^^ 
were received, when delivered, that chiefly ini 
duces him to hope for a favourable reception 
them in their present form, 
y " progress of time, and the mental activity^ 
wit^iS«vhich it has been followed up* have 
ingly confirmed v^ous hifits and opinions witl^- 
he ventured to surest as he proceeded and 
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have introduced a few novelties into one or two 
branchesibf science since the period referred to ; 
but the interval which has hereby occurred has 
enabled the author to keep pace with the general 
march of the daXii«And to pay due attention to 
such doctrines or discoveries in their respective 
positions of time and place. 
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LECTURE I. 

ON MATTER, AND A MATERIAI, WORLD. 

In the comprehensive range of science pro- 
posed to be treated of in the Surrey Institu- 
tion, the department to which I shall have the 
honour of beseeching your attention will be that 
of natural philosophy, or physics, in the most 
extensive sense of these terms : that branch of 
science which makes use of the individual prin- 
ciples and discoveries of every other branch 
within the range of nature, as the architect makes 
use ^ the bricks, the mortar, the wood, and the 
marld^e ,of different artizans, and builds up the 
whole intoapei'fect edifice; which takes a bird’s 
eye viet»r, as it were, of a pictures^e and spread- 
ing landscape from some commanding eminence $ 
and, without having labou^d in! the .details of 
arranging the‘ ground, of cultivating the soil, of. 
planting the woods, of winding ^ rivers, 
enriching the scenery with docks,' heMs, bridges, 
and buildings, points out th« gmieral connexion 
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of paft with part, and the harmony which flows 
from their combined effect. This, indeed, is to 
employ these terms in a somewhat wider sense 
than has b^n assigned to them in modem times ; 
for even the Natural Philosophy of Lord Bacon, 
though it embraces the two .divisions of special 
physic and metaphysic, as he calls them, does 
not extend to the doctrine of “ the nature and 
state of man,” which is transferred to another 
division of general science* ; yet that the study 
of physics, or natural philosophy, had this more 
extended meaning among the Greeks and 
B.omans, is clear, since the poem of Empedocles 
6n " Nature,” and that of Lucretius, on “ the 
Nature of Things,” the two most complete physi- 
ological works of which we have any account in 
antiquity, were expressly formed upon this com- 
prehensive scale ; and hence the philosophy of 
geology and mineralogy, the philosophy of botany 
and zoology, the philosophy of human under- 
standing, the philosophy of society and what-' 
ever relates to it, or general and S 3 riithetical 
surveys of these ddifereut departments of science, 
sue as equally branches of physics, or the nature 
of things, as equally part of the book of nature, 
AS any s^amte branch whidi is inore ordinarily 
so m:iangedi.v \ 

* Advaticemeiit of Learning» b, ii. p, 52. 56. vol. i. 4to. 
Oeneraii sdeinco i» here divided iifto three classes: 1. Doetrina 
de Qinne Fhibsophy. II* Boctnna de natavfts or 

Natural Fhilo^pby* 1H« iPoctnoa de homines or Humau Phi- 
losophy. The couMoon stem from which they ramily is deno- 
minated philosophia primes primitive, summary, or universal 
|)hilosophy. 
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Thus explained, the scope^of the $tu47 before 
us is almost universal, aud cHily a small, portion 
of it can be engaged in during a single sotiesi. 
1 shall endeaimur to advance in it as 1 am able j 
and the infinite variety it presents to us will at 
all times, I trust, prevent the pursuit from 
proving dull or uninteresting. Could it indeed 
be completed as it ought, it would constitute 
the PHiLosoPHiA paiMA, or universal science of 
the great author I have just adverted to. 

My sole object, however, is to communicate 
information so far as I may be able f to exhaust 
nothing, but to tou(^ upon many things to 
give a desire for learning, rather than to con- 
summate the learning that may he desirable ; to 
run over the vast volume of nature, not in its 
separate pages, but in its taWe of contents, so 
that we may hereafter be the better prepared 
foi* studying it more minutely, and for feeling in 
some measiu'C at home upon the various subjects 
it presents to us. 

Yet, after all, lectures alone can do but little, 
whatever the energy or perspicuity with which 
they may be delivered. Tfmy may, p^haps, 
awakeq a latentpropeusity, or enkindle a transient 
inoUnafion ; but unless the new-born flame be fed 
and fostered, unless it be nourished by study, as 
well as excited by hearing, it will perish as 
soon as lighted up or, if it continue, will only 
blaze forth in a fcippery of knowledge ftir more 
contemptible than i^e grossest ignoiance. 

Let us then enter upon om^ respective duties 
with ef uai ar^i^r. The path of alienee is open 

B 2 
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to every variety of age, and almost to every 
vaiiety of education. Thousands at this moment 
hcliind are piessing forward, ^ and will surpass 
those that are before ; and the richest and most 
gratifying reward I can ever receive will be, to 
find that many to whom this course of study is 
delivered will hereafter be able to communicate 
to me the same propoition of information, which 
it is my duty to suppose I can at present com- 
municate to them. 

One of the first enquiries that can ever press 
upon the mind must relgte to the nature of 
MATTCK, and the origin of the world around us : 
what is this common substance from which every 
thing visible has proceeded, and to which every 
thing visible is reducible ? has it existed from 
all eternity ? or has it been called into being by 
the voice of an Omnipotent Creator ? and in 
either case, has it uniformly exhibited its present 
harmony and arrangement, or has there been 
a period in which it was destitute of form and 
order, a waste and shapeless chaos ? 

These are questions which have tried the 
wisdom of man in all ages ; and, I may add, 
which in all ages have proved its littleness, and 
the need we stand in of illumination from a supe- 
rior source. Such, upon one or two points, we 
have received ; upon the rest we are still igno- 
rant ; and, but for what we have received, we 
should have been still ignorant upon.the whole. 

If we search into the systems of all the ancieht 
schools of philosophy, amidst an infinite variety 
of jarring opinions in other respects, we find them, 
21 
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perhaps without an Exception, concurring in a 
belief of the eternity of matter, or that general 
substance which constitutes the visible world 
around us ; which was sometimes conceived to 
, be intelligent in many of its corpuscles, and unin- 
telligent in the rest, as was i;aught by D*erao- 
cvitus ; sometimes intelligent as a whole, though 
unintelligent in its separate parts, as taught 
both by Aristotle and Plato ; and sometimes un- 
intelligent'in all its parts and particles, whether 
united or disjoined, which formed the dogma of 
Epicurus. Under some modification or other, 
however, the doctrine of the eternity of matter’ 
appears to have been universal among the philo- 
sophers of ancient nations. That a loose and 
floating idea of its creation by the energy of a 
pure ifitelligence is occasionally to be met with, 
and which probably existed as a remnant of 
patriarchal- tradition, must be admitted ; for 
the Tuscans were generally allowed’ to- have 
entertained such an idea, and we find it fre- 
quently adverted to and opposed by the leaders 
of tlie different schools, but in no instance does 
it seem to have been embodied or promulgated 
as a doctrine of philosophy. 

The grand motive for this general belief 
appears to have been a supposed absurdity in 
conceiving that any thing could be created out 
of nothing. * The Epicureans, and many other 

* This, and two or three subsequent passages in the present 
lecture, are given summarily from an ampler and more recon- 
dite view of the subject in the author's prolegomena, to his 
translation of “ the naxuhe of things," 

b3 
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schools of phiiosq)hers, wlio borrowed it frotn 
them, perpetually appeal to this position. It 
was current, however, among many of the philo- 
sophers of Greece at a much earlier period ; 
for !^emocrltas expressly asserted, according to 
DiogWiies Laertiusj ** that nothing could spring 
from nothing, or could ever return to nothing.” 
Epicurus, in the few fragments of his that have 
reached us, echoed the tenet in the following 
terms : “ Know first of all, that nothing can 
spring ftom non-entity.** It was thus given by 
Aristotle : “ To suppose what has been created 
has been created from nothing, is to divest it_ 
of all power, for it is a dogma of those who 
pretend thus to think, that every thing must still 
possess its own nature.*' From the Greeks it 
passed to the Romans, and appears as follows 
in Lucretius : — 

ubi videriixiQs nihil posse ereari 
De turn* quod sequimur^ japi veetius inde 
Perspiciemuji,* 

this that nought from nothing springiif 
And all is dear. 

And it was thus long afterwards reiterated by 
Pcrbius, as the common doctrine of his day 

gigai 

Denibilo nil, in oUiilnw nil ppsse reverti.f 

Notight springs from nought, and oan to nought return. 

The Greeks themselves, however, seem to 
have ’received it from the East^ and to have be- 
come acquainted with it as a branch of gym- 

**J)e Rei. NdU i. J57. 


t SaJU 83 # 
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iiosophy ; for it constitutes, even in the present 
day, a distinct doctrine of Braluninical religion, 
and is thus urged in univocal terms in the Yajur 
Veid, in the course of an address to Brahm, or 
the Supreme Being : “ The ignorant assert that 
the universe, in the beginning, did not exist in 
its author, s^nd that it was created out of nothing, 
O ye, whose hearts are pure! lum could something 
arise out of nothing V* * 

This reasoning seems, indeed, to have spread 
almost universally, and perhaps from the same 
quarter ; for we find many of the Jewish theolo- 
gians, and not a few of the Christian fathers, 
too much influenced by Platonic principles, 
giving countenance to the same doctrine, though 
probably not (o the full extent of the Platonic 
school. Thus the author of the Book of Wis- 
dom, a book written in Greek instead of in 
Hebrew, and hereby, proving his -own mra as 
well as the school in which he had studied, ex- 
pressly asserts that “ The almighty hand of the 
Lord created the world out of urfashioned 
(amorphous ) matter,** eg sAijj t i while 

Athenagoras, Tatian, TheopMlus of Antioch, 
Athanasius, and Gregory Nazianzen appear to 
have ccmcurred in the same opinion } and Justin 
Martyr affirms it to have been the general creed 
of bis own sera : “ For that the word of God,** 
says he, ^'formed the 'world out qf unfashioned 

* The passage is quoted from M. Anquetil De Perron’s 
Latin v^ersion. Tbe reader may find various similar extracts 
in Sir William Jones’s wt*k&, vol. ri. 4U). edit. 

t Cap. xi. 17. 
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imUeri Moses distincj^ assertS) I%ito and bis 
adherents maktain, 4^ ooi^dves have been 
tanght to b^eve.” 

This is <Hie specusen the vei^ common 
attempt in the writings of the Ihthers to biend 
the narrative and doctrines of Moses with the 
principles of Flatmiism# whidi* in truth/ had 
been embraced by many of foetbre their 
conversion. The text of Moses^ when accu- 
rately examined, will be tbund« if I mistake 
not, to lead us to a very diffi^rent conclusion. 
This text consists of the first and second veVses 
of the book of Genesis, and is as follows : In 
the beginning God created the heaven and the 
earth ; and the earth was without form and 
void, and darkness was upon the face of the 
deep (or abyss) ; and the Spirit of God moved 
upon the face of the waters.” Now in this pas- 
sage we seem to have a statement of three dis- 
tinct facts, each following the other in a regular 
series : first, an absolute creation of the heaven 
and the earth, which, we are expressly told, took 
place foremost, or in the beginning ; next, the 
condition of the earth when it was thus prima- 
rily created, being amorphous and waste, or, 
in the words before us, ‘^vithout form aisd void j” 
and, thirdly, the earliest creative effort to reduce 
it from tills shapeless an^ void or waste condi- 
tion into a of order and productiveness — 
** the Spirit of God moved upon the fe.ee of the 
waters.” And hence, to maintain from the 
Mosaic narration that tlie iiakven <»r the earth 
existed in a waste and amorphous mass ante- 
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eedei»Uy to the first act of creation, iatd derange 
tbe^ aeries of auch narration, and to put 
cess first which Moora has put seconds 
t enter not here into the awrectot^ the 
general rendering, nor into the exact IjHIftort 
of the word Kil, “ created j” for whatever be 
the reiuteiing, the same consecutive order of 
events must be adhered to, mid the same con- 
clunon ftnust follow. I am perfectly ready, 
however, to admit that ttH does by no means 
at aU times import an absolute creation out of 
nothing, but, like cretOe in our own language, 
that it occasionally denotes the formation of 
one thing out of another; yet when we are 
told that, if Moses had really intended to ex- 
press an absolute creation of the earth out of 
nothing, he would have used some other word, 
which should have limited us to this idea, I 
CoWddenfly put it to any critic, what word 
lb could have employed specially appropriated 
to such a purpose, and limited to such a sense, 
at the time he wrote ? or even what word, thus 
i^strained, he could select in our own day, 
fhim any spoken language throughout the 
world? Words are not invented for an exclu- 
sive expression of solitary facts, but for general 
use. The creation of the world, or of any thing 
whatever, out of nothing, is a fact of this kind; 
and no language ever had or ever will tuve a 
tmm precisely struck out for the purpcNte of re- 
presenting such an idea, and exclusively ap- 
propriated to it : and assuredly there could be 
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no such wo^d at the time Moses first spoke of 
the fact, and communicated the doctrine; as, an- 
tecedently 1x> this, it could not have been called 
for. And it will not be questioned, 1 think, that 
there is more sound sense and judgment in em- 
plpying, as on the present occasion, a well under- 
stood term, that comes nearest to the full extent 
of the idea intended to be conveyed, than to 
invent a new word for the purpose, that nobody 
has ever heard of, and, consequently, that nobody 
can comprehend the meaning of, till the very 
term that is thus objected to, or some other 
word from the vtdgar dialect, shall be had re- 
course to as its interpreter. Yet although, in 
the Hebrew' Scriptures, the word KH is occa- 
suonally used synonymously with pur own terms, 

to make, produce, or cause to be,” to import a 
formation from a substance already in existence, 
we have sufiicient ]prooi that it was also under, 
stood of old to import emphatically, like our own 
word“ create,” an absolute formation out of 
nothing. .Maimonides expfessly tells us, that it 
was thus understood in the passage before us, as 
well as in all others that have a rel^rcaoe to it, 
by the ancient Hebrews ; while Ch^gen afilnns, 
that such was its import among many of ilie 
Christian fathers, whatever might be the opinion 
of the rest, and forcibly objects to the passage 
just quoted from the Book of Wisdom, as a 
book not admitted into the established canon of 
Scripture. 

Soil, however, the doctrine of a cr^tion of 
6 
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soitt^thiDg out of nothing was generally held to 
be a pal|)abie absurdity j and a vAriety ci hypo* 
theses were invented to avoid it, of which the 
three following appear to have been the chief; 
each of them, however, if I mistake not, plunging 
us into an absurdity fen times deeper and mOre 
inextricable. The first is that of an absolute and 
independent eternity of matter, to which I have 
already referred ; the second, that of its emana- 
tion from the essence of the Creatm' ; the third, 
that of idealism, or the non-existence of a ma- 
terial world. 

I have already remarked, that the first of 
these was modified under the plastic hands of 
different philosophers of antiquity into a great 
variety of shapes j and hence, in some form or 
other, is to be traced through most of the Gre- 
cian schools, whether of the Ionic or Italic sect- 
or, in other words, whethm” derived fiom Thales 
or firom lythagpras. In no shape, however, is 
it for a moment capable of standing the test of 
sober enquiry. We ttlky regard matter as essen- 
tially and eternally tnteillgent, or as essefifially 
and eterhtdly unintelligent ; as essentially intel- 
ligentin ila several parts, or as essentially intel- 
ligent as a whole. The dilemma is equal in all 
these cases. Matter cannot be intelligent as a 
whole, without being intelligent in every atom, 
for a concourse (ff unintelligent atoms cmi never ■ 
produce intelligence ; bUt if it be inteffigenl in 
every atwn, then are we perpetually meeting 
with unintelligent compounds resulfing from 
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intelligent elements. If, again, thatter be essen- 
tially eternal, ‘but at the same time essentially 
unintelligent, both separately and collectively, 
then, an intelligent principle being traced in the 
world, and even in man himself, we are put into 
possession of two co-eternal independent prin- 
ciples, destitute' of all relative connexion and 
common medium of action. 

The SECOND HYPOTHESIS to which I have ad- 
verted is not less crowded with difficulties and 
absurdities ; but it has a more imposing appear- 
ance, and has hence, in.many periods and among 
many nations, been more popular, and was per- 
petually leading away a multitude of the philo- 
sophers from the preceding system. According 
to this hypothesis, the universe is an emanation 
or extension of the essence of the Creator. Now, 
under this belief, however modihed, the Creator 
himself is rendered material jr or, in other words, 
matter itself, or the visible substance of the 
world is rendered the Ci’eator j and we merely 
shift the burden, without getting rid of it. There 
can be no difficulty in tracing this doctrine to its 
source. It runs, as I have already observed, 
through the whole texture of that species of 
materialism which constitutes the two grand 
religions of the East — Brabmism and Buddhism; 
and was undoubtedly conveyed by Pythagoi'as, 
and, perhaps, antecedently, by Orpheus (if such 
an individual ever existed, which Cicero * seems 
to have disbelieved, from a passage of Aristotle, 


^ Be Nat. Deor» 1. i. 
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not to be found, however, in any of his writings 
that have descended to us), into different parts 
of Greece, in consequence of their' cominunica- 
tions with the gymnosophists. < From Pytha^ 
goras it descended tQ Plato and Xenophanes, 
and, under different modifications, became a 
tenet of the academic and eleatic schools. 1 
have already quoted the principle on which it is 
founded, from M. Anqnetil du Perron*s riansla- 
tion of the Oupnek’-hat, or Abridgement of the 
Veids * ; the passage at lai'ge is as follows, and 
developes the entire doctrine as well as the prin- 
ciple ; “ The whole universe is the Creator, pro- 
ceeds from the Creator, exists in him, and returns 
to him. The ignorant assert that the universe, 
in the beginning, did not exist in its Author, 
and that it was created out of nothing. O ye, 
whose hearts are pure ! how could something 
arise opt of nothing ? This First Being alone, 
and wi^ut likeness, was the all in the begin- 
ning : !re coj^^nultiply himself under different 
forms he created fire from his essence, which 
is dight, &c.” Jw, in another passage of the 
Yagur Veid, “ /thoju art Brahma ! thou art 
Vishnu! thou art Kodrp! thou art Prajapatf 
thou art Deionta I thou art air 1 thou art Andri ! 
thou art the moon I thou art substance ! thou 
art DJam I thou art ' the earth I thou art the 
world I O lord of die world, to thee humble 
adoration ! O soul of die world ! thou who super- 
intendest the actions of the world ! who de 
* Tom. i. Paris, 1802. 
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Atwypst liliNB world ! who createst the pleiisures 
of tiae wol*ld ! O life of thh world ! the visible 
andlnvli^Me worlds are the sport of thy power ! 
Thou art the sovereigBi, O universal soul ! to thee 
humble adoration ! O tlioO, of all mysteries, the 
most mysterious ! O thou Who art exalted beyond 
all perception or iuia^ation ! , thou Who h$st 
nei^er beginning nor end ! to thee humble 
adoration !’%* 

As this doctrine became embraced by many 
of the Greek and Roman philosophers, it is not 
to be wondered at that it captivated still more 
of their poets j and hence we find it, with per- 
haps the exception of Empedocles and Lucre- 
tins, more or less pervading all of them, from 
Orpheus to Virgil, It is in reference to this 
that Aratus opens hii| Phenomena with that 
beautiful passage which is so forcibly* appotded 
to by St. Paul in the course of his address to the 
Athenians on MarVhilif, of which I /^1 beg 
your acceptapice of the following version-. — 

k 

From God we spring, whom man can never trace, ^ 
Though seen, h^ard, tasted, felt in every plap^ ; 

The loneliest path, by mortal seldom tro4 
The crowded city, all is full of God ; 

Oceans and lakes, for God is all in all, 

And we are all bis ofFspri 0 g.| 

See Tran&I. of Lucr* i» p. ^ f Acta$ xvii. 28. 

I Ex Tov iMator* Svfgts m/xtuf 

f £»9pAem Si 

to ^ Kod MiJimt* vifTfi Aios ^ 

TS y^p XNtl ysifOf Ifib, i. 1 . 
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So JEschylus, in a passage s^ stronger in 
point, 'and imbued will) the fuU spirit of 

Brahmiran ^ 

Jupiter is the air | 

Jupiter is the eartib ; 

Jupiter is the heaven ; 

All is Jupiter.* 

But perhaps the passage most express is orie 
contained in a very ancient Greek piStam entitled 
De Mundo, and ascribed to Orpheus, in the 
original highly beautifUl, and of which, for want 
of a better, I must trouble you with the fol- 
lowing translation 

Jove first eicist8> whose thunders roll above; 

Jove lust, Jove midmost, all proceeds from Jove^. 

Female is Jove, immortal Jove is male ; 

Jove the broad earth — the heaven’s irradiate pale. 

Jove is the boundless spirit, Jove the fire 
That wa,^s the world with feeling and desire. 

The sea b Jove, Ute sun, the lunar ball $ 

Jove king supreme, the sovereign source of alt 
Ail power is his ; to him e}l glory give^ 

For his vast form embraces all that live.f 

* lirwv 
Zsu\ Ti yjj* 

ZiwV ovpciiw^f 
Tdb wAvrsi* 

f Zfu\ yivh^ Zsu^ tktr«>ro^ 

Zf^$ Zfi/V Auk wrra- jr^rDitTM* 

Zttk ye»iwf Zst)f 4f^pfiT9g EcXera 
Ztik m9fjtn9 yttkfii eeWljoivrop* 

Zitk «vo*s 

Zii/V tovtSv 2hvV ViXsw* 

5&<uV (SoiHK^vs* ZWs ^vroff 

Achif*ih y*Jnvo» £0ClH &raa»w>* 
tlfn4 ycif l» fUjyotXw Znm •mSi xttrctt* 

Ex. Apul. 
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has %oi; hie^ co&^M io aneietit 
•Simk w boundarks of laiKa and tB« ECf 
and Eome ; it has deso^oded 
dinpii^ a|fe, and has Its ^tatks eijian in 
dbe ph^nt'^day. ' M, Angue^! dnEerfOti', v/hitan 
i jh(im<adfdluiy apokett of, aa ihe Latin tminslatoi' 
^IMOt^ek^-hat, orTTpanishad, frorat ^eBer- 
aiati’S’^oin, has himself disiinctljr avowed an 
iiidinalli^ to it ; the writings of M. HecdEar mt 
Atll of it* ; and H. Isnard has pro&asedl/ ad- 
vaacdd and su|^orted it in his work, *« Sur I*Ii*i- 
inmtalit6 de l*Ame,” printed at Paris in IHOQ. 
I do not know that it exists at present to any 
gr^t extent in our own country ; but if we look 
back to something less than a century, we shall 
find it current among the philosophers of various 
schools, and especially that of which I<ord Bo- 
lingbroke has been placed at the headj and 
bfnce running through every page of the oele>> 
hra^ Essay on Man, in the composition of 
which it is probable that Mr. Pope was imposed 
upCn by his noble patron, and was not suffici- 
mstly aliv^ to the full tendency of its princijdes. 
The critics ofl the Continent, however, ptr- 
ceived the tendency on its first appearance ; and 
hfiKse its author was generally, though incor- 
rectiyi dmmmiilAted the modem Lucrelijiw, and 
the poem itsi^ was regarded as one of the m^ 
dangerous p(^ttctlons that everissuiadfirom tAe 
press i as a mdsi insidious attempt, confining 
the whole of otk idsws, our Teasoningi^ 

♦ See Sir W, Jones’s W<m4w, i/p, 448, 
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expectations to the present state of thiogs, to 
undermine the great doctrines of a future state 
and the immortality of the soul. In our own 
day we allow to it a very liberal extent of bold 
imagery and poetic licence, and with such allow- 
ance it may be perused without mischief; but a 
few verses alone are sufficient to prove its evil 
bearing, if strictly and literally interpreted. 
The following distich, tor example, beautiful as 
it is in itself, discloses the very quintescence of 
Spinosism * : — 

All are but parts of one stupendous whole. 

Whose body nature is, and God th^soul : 

and the general result drawn from the entire 
passage, which is too long to be quoted, is no 
less so : — 

In spite of pride, in eiring reason's spite. 

One truth is clear, whatever is, is right. 

If every thing be right at present, there is no 
necessity for a day of correction or retribution 
hereafter ; and the chief argument afforded by 
nature in favour of a future existence is swept 
away in a moment. Unite the propositions 'con- 
tained in these two couplets, and illustrated 
through the whole poem, and it follows that the 
universe is God, and God the universe ; lhat 
amidst all the moral evils of life, the sufferings 
of virtue, and the triumphs of vice, it is in vain 
to expect any degree of compensation or adjust- 

^ See the euthor’s prolegomena to his translation of the 
Nature of Things p. exxvi. 

VOL, U C 
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ment in a future state ; every thing being but an 
individual part of one stupendous whole, whicli 
could not possibly exist otherwise ; and that the 
only consolation which remains for us under the 
pressure of pain or calamity is, that if we are not 
at ease, there are others that are so — that if our 
own country is devoured by war, or desolated by 
pestilence, there are countries remote from us 
that know nothing of such afflictions — that the 
general good is superior ^o the general evil, and 
made to flow from it, and, consequently, that 
whatever is, is right : — 

If pla{j;ues anc* eartlujuakes break not lieaven’s design. 

Why then a Borgia or a Catiline ? 

The THIRD iiYi’OTHESis to wluch I liavc re- 
ferred, is that of the idealists, or those who 
maintain that there is no such thing as a ma- 
terial or external world ; that the existence of 
man consists of nothing more than impressions 
and ideas, or of pure incorporeal spirit, which 
surveys every thing in the same unsubstantial 
manner as the visions of a dream. Some of the 
tenets of JVlalbranche appear to have a tendency 
to this theory; but it has been chiefly deve- 
loped in modern times by Bishop Berkeley and 
Mr. Hume. I'heir premises are indeed somewhat 
different, but their conclusion is the same ; ex- 
cepting that the argument is pressed much far- 
ther by the latter than was ever intended by the 
former, and leads to more dangerous conse- 
quences. In Germany, Professor Kant has al- 
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lowed a part of this tenet, as w’^ell as parts of 
various other tenets to enter into his system, 
or tliat wliich he chnscs to distinguish by the 
name oiWxeTranscendcntalPhilosophy^ and which 
not long since bade fair to obtain an universal 
sway over the Continent, though for some |fears it 
has appeared to be considerably declining in its 
reputation. It was my intention to have traced 
the origin of the ideal hypothesis, and to have 
pointed out its sophisms, but our time will not 
allow me ; and it is the less necessary, as I shall 
have an opportunity, on a future occasion, of re- 
volting to all these various conjectures and exa- 
mining tliem at full length.t 

But why, after all, is it necessary to support 
the proposition, that “ nothing can spring from 
nothing ?” A^1iy may not something spring from 
nothing, when the proposition is applied to Omni- 
potence ?t I may be answered, perhaps, be- 
cause it is a self-contradiction, an impossibility, 
an absurdity. This, however, is only to argue in 
a circle ; for why is it a self-contradiction, or an 
impossibility ? It is impossible,” said M. Leib- 
nitz, “ for a thing to be and not to be at the same 
time,” This impossibility I admit ; because, to 
assert ' the contrary, would imply a self-contra- 
diction absolute and universal, Ibunded upon 
the very nature of things, and consequently ap- 

'*■ Degerando, Ilistoire Coinparfc des Systemes de Pliilo- 
!.ophie, loin. ii. 17. 

"t Vol. HI. Scries in. Lect. v. 

:j; See the author’^ Prolegomena, ot supra, p. Iwviii. 
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plicable to Oratiipotencc itself. But the position 
that “ nothing can spring from nothing ” is of a 
very diiforent character : it is necessarily true 
when applied to man, hut it is not necessarily true 
when applied to God. Instead of being absolute 
awiX uMvcrsal, it h relatwe. and limited; the na- 
ture of things does not allow us to reason con- 
cerning it when its reference is to the latter : 
and hence v.e have no authority to say that it is 
impossible to the Deity ; or to maintain that an 
absolute creation out of nothing by the Deity is 
an absurdity or seli-contnuliction. It is absurd 
to supposi- that matter does not exist ; it is ab- 
s'.ird to suppose that it does exist eternally and 
in lependeutly of the Creator ; it is absurd to 
suppose that it constitutes the Creator himself: 
but, as it is not absurd to sup])ose its absolute form- 
ation outof nothing by the exercise ofan almighty 
power, and as one of these* four propositions 
must necessarily be true, reason should induce 
us to embrace the last with the same prompti- 
tude with which we reject the other three. 

So far, indeed, from intimating any absurdity 
in the idea that matter may be created out of 
nothing by the interposition of' an almighty in- 
telligence, reason seems, on the contrary, rather 
to point out to us the possibility of an equal cre- 
ation out of nothing of ten thousand other sub- 
stances, of which each may be the medium of 
life and happiness to infinite orders of beings ; 
while every one may, at the same time, be as 
distinct from every other, as the whole may be 
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from raatterj or as matter is from what, without 
knowing any thing farther of, we commonly de- 
nominate s})irit. Spii it, as generally used among 
modern raetaphysician.s, is, to say the most of it, 
but a negative term employed to express some- 
thing that is not matter 5 but there may be ten 
thousand somethings, and substrates ol’ being, 
and moral excellence and felicity, which are not 
matter, tumc of which, however, wc can other- 
wise characterise. Yet why, between all or any 
of these and matter itself, theie should be such 
ail utter opposition and discrepancy as was con- 
tended for by Des Cartes, and has since been 
maiotained by most metaphysicians, 1 cannot 
possibly conjecture ; nor concenc v/liy it .should 
be universally thought necessary, as it still ap- 
pears to be thought, that the essence i.f the 
eternal Creator himself must imiis])eusab!y con- 
sist of the essence of some one oi' the i-rdeis of 
beings whom he has created. — Wliyinay it roi 
be as distinct from that oi'an archangel as liom 
that of a mortal? from the wlioJe of t!.''se va- 
rious substances, which I have jii.jt suppo-ed, 
and which we cannot otherwise conlemplatf' or 
characterise than by the negative term Sjiirit, m 
it is from matter, which is inoie immediatidy ■-ub- 
mittod to our eyes, and constitutes the substrate 
of our owm being and sensations 

Matter, then, we arc compelled to legaril as a 
substance created out of nothing by an intelli- 
gent first came; liinjself immaterial, self exi-t 
cternai, and alone j and of matter tin' .viiole 
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visible universe is composed. It is arranged and 
regulated by an extensive code of laws, of which, 
however, we know but a few j and which give 
birth to a multiplicity of concrete forms, under 
which alone we arc capable of contemplating it : 
for no effort has hitherto succeeded in ultimately 
enucleating the compound and tracing it to its 
elementary particles. We may divide and sub- 
divide as we please ; but when wc have followed 
it up into its subtlest rudiments, its most retiiing 
principles, by the aid of the best glasses which 
the best art of man can provide /or us, ve learn 
no more of the real nature of its primitive essence 
than we do from an acorn or a pebble. 

But wc are as ignorant of matter in its total 
scope as we are of it in its elementary particles. 
We can examine it as it exists in the globe, but 
the globe on which we tread is but as a droj) to the 
ocean ; the earth is surrounded, by other planets, 
by other worlds, by other systems of worlds ; all 
of which, we have reason to believe, are composed, 
of the same substance, and regulated by the 
same laws. We stretch out our view on every 
side, but there are still worlds beyond us ; we 
call in the aid of the best glasses, but they still 
surpass our reach ; till at length we resign our- 
selves to imagination, and in the confusion of 
our thoughts and the weakness of our language 
we speak of space as being «filled, and of matter 
as being infinite. 

This view of the subject,, has given rise to a 
variety of magnificent speculations, at which 

7 
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I shall just glance, without meaning to dwell 
upon them* Is all this immensity of matter, this 
universe of worlds within worlds, and systems 
within systems, the result of one single fiat of 
the great Creator ? Did the Power that spake 
it into existence give it from the first the general 
order and harmony and perfection that prevail 
at present? or did he merely produce a vast 
central and aggregate chaos, as the rude basis 
of future worlds, the parent-stock or storehouse 
from which they have since issued by a series 
of distinct efforts and evolutions? or, thirdly, 
has every separate system of worlds, or every 
separate planet, been the result of a separate 
birth, and a separate act of creation ? 

It is of little importance which of these 
splendid fancies we adopt j for all of them arc 
but fancies, and built upon conjecture alone. 
In a course of pl|ilosophical enquiry, however, 
it becomes us to be acquainted with their exist- 
ence ; and to be informed, beyond this, that the 
second is the speculation which has been more 
generally espoused by philosophers; that, I mean, 
which conceives the existence of a central and 
primary chaos, from which all the heavenly 
bodies have successively proceeded, of whatever 
kind or description, whether suns, stars, comets, 
or planets ; though the mode by which such 
efforts have been produced has been variously 
accounted for. Des Csjrtes seems to have sup- 
posed stars to have jireceded planets in the ordci 
of creation; and tiial the earth was at hist a 

(' 4 
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star, and continued so till rendered opake by 
having its bright surface encrusted with grosser 
and un transparent matter, and drawn into the 
vortex of the solar system ; and Leibnitz adopted 
his conjecture. Whiston conceived it to have 
been originally a comet, the rude mateiials of 
which constituted the chaos of the earth ; 
and Biiflbn, to have consisted of a comet and 
a portion of the sun's exterior limb or edge 
carried off by such comet, in consequence of its 
having given the son an oblique stroke in the 
course of its orbit ; the chaos of the earth being 
thus formed by the vapoury sub'tanee of the im- 
pinging comet uniting with a portion of the 
sun’s igneous mass 5 and in this manner Jie endea- 
voured to account for the production of every 
other planet of the solar system. 

But of all this class of speculations, (for assur- 
edly they deserve no higher character), the most 
splendid and comprehensive is that which was 
first embraced by Dr. Herschc], and was perhaps 
an improvement on a prior hypothesis of M. 
Buffon ; but which, so precarious is the life of a 
philosophical hypothesis, ho himself discarded, 
not many years afterwards, for soiicsthing newer. 
It supposes the existence of an immense mass of 
opake but igneous matter, seated in the centre of 
universal nature ; that the sun and every other 
star were originally portions of this common sub- 
stance ; that it is volcanic in its structure, and 
subject to eruptions of inconceivable force and 
violence j that the sun and every other luminary 
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of every other system were thrown forth from it 
at different times, by the operation of such pro- 
jectile powers ; and that these, possessing' in a 
great degree the qualities of the parent body, 
threw forth afterwards at different times, by 
means of similar volcanoes, portions of their own 
substance, each of which, by the common laws 
of projectiles, assumed an orbicular motion, con- 
stituted a distinct planet, and became the chaos 
of a rising world. * Hence, according to this 
comprehensive and daring hypothesis, the exist- 
ing universe has acquired its birth ; hence new 
systems of worlds are perpetually rising into 
being, and new planets are added to systems 
already created. 

But worlds and systems of worlds are not 
only perpetually creating, they are also perpe- 
tually diminishing and disappearing. It is an 
extraordinary fact, that within the jieriod of the 
last century, not less than thirteen stars in 
different constellations, none of them below tlu' 
sixth magnitude, seem totally to have perished ; 
forty to have changed their magnitude by 
becoming either much larger or ranch smaller j 
and ten new stars to have supplied the place of 
those that are lost, t Some of these changes 
may perhaps be accounted for by supposing a 
proper motion in the solar or sidereal systems, 
by which the relative positions of several of the 

* rhil. Trans. voL Ixxxiv, 

t' See Dr. Hersrhd’s Observations coaipiircd with llun- 
steed’s, Phil. Trans, vol. hxui, art. 17, 
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heavenly bodies have varied. But this explana- 
tion, though it may apply to several of the 
cases, will by no me^ns apply to all of them j in 
many instances it is unquestionable, that the 
stars themselves, the' supposed habitations of 
^ther kinds or orders of intelligent beings, to- 
gether with the different planets by which it is 
probable they were surrounded, and. to which 
they may have given light and fructifying 
seasons, as the sun gives light and fruitfulness, 
to the earth, have utterly vanished, and the 
spots which they occupied in the heavens have 
become blanks. What has thus befellen other 
systems will assuredly befall our own j of the time 
and the manner we know nothing, but the fact 
is incontrovertible ; it is foretold by revelation, 
it is inscribed in the heavens, it is felt throughout 
the earth. Such is the awful and daily text ; 
what then ought to be the comment ? 
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lecture II. 

ON THE ELEMENTARY AND CONSTITUENT 
PRINCIPLES OF thing's. 

Our study for the present lecture is the first 
or simplest principles of bodies, so far as we 
have hitherto been able to obtain any degree of 
knowledge upon this recondite enquiry, and the 
means by which they are combined or separated 
from each other, so as to produce different hinds 
and orders of sensible objects. 

A very slight contemplation of nature is suffi- 
cient to show us that matter under every visible 
form and modification, when regarded in its 
general mass, is perpetually chjyiging ; alternately 
living, dying, and reviving} decomposing into ele- 
ments that elude our pursuit ; and recombining 
into new shapes and energies and modes of exist- 
ence. The purest and most compact metals be- 
come tarnished or converted into a calx or oxyde 
on its surface, and the most durable and crystal- 
lized rocks crumble into gr anules ; and the 
matter constituting these oxydes and granules, 
■by an additional series of operations, is still far- 
ther decomposed, till every vestige of their late 
character is lost, and the elementary principles 
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of which they consisted are appropriated to 
other purposes, and spring to view under other 
forms and faculties. The same process takes 
place in the organized world. The germ be- 
comes a seed, the seed a sapling, the sapling 
a tree } the embryo becomes an infant, the infant 
a youth, the youth a man: and having thus 
ascended the scale of maturity, both, in like 
manner, begin the downward path to decay ; and, 
so far as relates to the visible materials of which 
they consist, both at length moulder into one 
common elementary mass, and furnish fresh fuel 
for fresh generations of animal or vegetable 
existence ; so that all is in motion, all is striving 
to burst the bonds of its present state ; not an 
atom is idle ; and the frugal economy of nature 
makes one set of materials answer the pur- 
pose of many, and moulds it into every diver- 
sified figure of being and beauty and happiness. 

It has hence been said, that matter is neces- 
sarily corruptible, and is perpetually changing 
from its intrinsic nature, and that the physical 
and moral evils of life are mainly attributable to 
this perverse and incorrigible propensity. Such 
was the doctrine of many of the most eminent 
schools of ancient philosophy, both of Greece 
and Asia, and such continues to be the doctrine 
of various schools of the present day ; a doc- 
trine which has not unfrequently been con-, 
sidered as of the utmost importance, and as 
forming the best defence of ^le benevolence of 
the Supreme Architect } whet, we are told, not- 
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withstanding all the pains and calamities, the tu- 
mults and disorders of nature, has made the most 
of matter that it would admit of,- and has tem- 
pered it not only witli a positive predominancy 
of good over evil, but with as much and as real 
good as could possibly be infused into it. 

To argue thus is to revive the theory of pure 
Platonism, far too extensively introduced into 
the Christian world, as I hinted in our last lec- 
ture, upon the first conversion of the Grecian 
philosophers, who had been chiefly students in 
the Platonic school ; and to suppose the exist- 
ence of matter as an independent and eternal 
principle. “ God,” says the sublime but mis- 
taken founder of this school, “ wills, as Jar as 
it is pombie, every thing good and nothing 
evil * “ but it cannot bo that evil should be 

destroyed, for there must always be a something 
contrary to goodf,” “an innate 

propensity to disorder!,” in that eternal and 
independent principle of matter out of which all 
visible things are created. 

How much more consolatory, as well as agree- 
able to right reason, is the view taken of this 
abstruse subject in the if)ages of genuine, unso- 
phisticated, and unphilosophised revelation, in 
which the present is represented as a state, not 
of actual necessity, but of pre»ordaincd proba- 
tion ; willed, in infinite wisdom, by the great 

* Theoat. t. i, p. 176. i Id. 

j: Phileb. See alftoBruchcr, Hibt. Phil, § I 
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first cause, to promote the best ultimate happi- 
ness of man ; and matter as a substance produced 
out of nothing, by his almighty fiat! It was 
one of the express objects of the preceding lec- 
ture to prove, not only that matter does exist, in 
opposition to those who have thought it expe- 
dient to deny the being of a sensible and mate- 
rial world, but that it could not exist by any 
other means ; and that, whilst there is no self- 
contradiction or absurdity in contending that 
matter, and that ten thousand other substances 
than matter, may be produced out of nothing 
by the energy of an infinite .and omnipotent 
intelligence, there is so pure and perfect an 
absurdity in endeavouring to account for its 
existence upon every other theory which has 
hitherto been invented, that right reason should 
induce us to embrace the former opinion with 
the same promptitude with which we fly from 
every opinion that opposes it. 

Matter, then, is the production of an almighty 
intelligence, and as such is entitled to our re- 
verence ; although, from a just abhorrence of 
many ancient and not a few modern errors, it 
has too often been regarded in a low and con- 
temptible light. Though not essentially eternal, 
as was contended for by all the schools of Greece 
and Asia, nor essentially intelligent, as was con- 
tended for by several of them, it evinces in every 
part and in every operation the impress of a 
divine origin, and is the only pathway vouch- 
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safed to our external senses by which we can 
walk-~ 

Through nature up to nature s God ; 

that God whom we behold equally in the painted 
pebble and the painted flower — in the volcano 
and in the corn-field — in the wild winter-storm 
and in the soft summer moon-light. Although^ 
when contemplated in its aggregate mass, and 
especially in its organized form, it is perpetually 
changing, it is every where perfect in its kind, 
and even at present bears indubitable proofs of 
being capacified for incorruptibility. In its ele- 
mentary principles it is maintained by the best 
schools of both ancient and modem times to be 
solid and unchangeable j and, even in many of its 
compound forms, it discovers an obvious approach 
to the same character. The firm and ghty 
mass that constitutes the pyramids of Egypt has 
resisted the assaults of time and of tempests for, 
perhaps, upwards of four thousand years, and by 
many critical antiquaries is supposed to have 
triumphed over the deluge itself. While there 
is little doubt that the hard and closely crys- 
tallized granitic mountains of every country in 
which they occur, “ the everlasting hills,” to 
copy a correct and beautiful figure from the 
pages of Hebrew poetry, are coeval with the 
creation, and form at this moment, as they 
formed at first, the lowest depths as well as the 
topmost peaks of the globe. That they are in 
every instance considerably attenuated and 
wasted away admits, indeed, of no doubt ; bat 
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to have borne the brunt of so long and incessant 
i;^ warfare, without actually beingrworn down to 
the level of the circumjacent plains, affords no 
feeble proof of an almost impel ishable nature, 
and a proof open to the contemplation of the 
most common capacities. 

There are various examples of the Macedo- 
nian stater or gold coin, struck in the reign of 
Philip, at this time preserved in the rich cabinet 
of the Florence gallery *, which, though they 
have continued in existence for at least 2200 
years, do not appear to have lost any thing of 
their weight. JBarthelemi, making a trivial mis- 
take in the weight of the drachma, which he 
calculated at (30.55 grains English, suspected 
that these had sustained upon the average a loss 
of about seven-eighths of a grain during this 
long period ; but as M.Fabbroni has since satis- 
factorily proved that the drachma was not more 
than G0.8 grains, and as this is the actual weight 
of several staters in this cabinet, we have a 
demonstration that they have sustained no 
diminution whatever. 

Yet, in its liquid and gasscons state, matter 
often exhibits still more extraordinary instances 
of indestructibility or resistance to decomposi- 
tion ; and it should be especially remarked, that 
its indestructibility or indecomposable power 
appears to hold a direct proportion to its sub- 
tilty, its levity, its activity, its refined etherial 
or spiiitualized modification of being. 

^ Soe Nicholsoii’i) Journal, vol. .\xxii. p. 26. 
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Water is as much a compound as any of the 
earths, yet we''*liave strong reason for believing 
that for the most part it exists unchang^bly 
from age to age j and that its integrity has been 
not essentially interfered with from the com- 
mencement of the w’orld. Its Constituent parts 
are by no means broken into, but continue the 
same, whether under a solid form, as that of ice ; 
under its usual form, as that of a liquid ; or under 
an elastic form, as that of vapour : it is the same 
in the atmosphere as on the earth ; it falls down 
of the very same nature as it ascends, and the 
electric flash itself appears, generally speaking, 
to have no other influence upon it than that of 
hastening its precipitation. It is only to be 
decomposed, that we know of, by a very con- 
centrated action of the most powerful chemical 
agents ; and even this, whether by art or by 
nature, upon a very limited scale. 

A similar identity appears to exist in .atmo- 
spheric air, which is, probably, at least as inde- 
structible as water ; for its composition, when 
purged of the heterogeneous substances which 
are often combined with it, is the same in the 
deepest valleys, as on the highest clifl& ; at the 
equator, and at the poles ; the earth’s surface, 
and the height of 21,000 feet * above it : in many 
of which situations, and especially the more 
elevated, it is impossible for it ever to be gene- 
rated i since the constituent parts of which it is 

* * SeeThomson^s Chem« vol. iv. Ct4^ as also Will, Mair. y\j 

VOL. I. JO 
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composed are not found to exist in ' a separate 
state for its production. It is c|pable» indeed, 
of decomposition $ but, like water, becomes de- 
composed with great diflSculty, and probably 
consists at this moment, as to its general mass, 
of the very identic particles that formed it on 
its first emerging from a state of chaos. 

Of the composition of the subtler gasses we 
know nothing. The specific weight of several 
of them has been ascej'taincd, and the constituent 
principles of one or two of them, as nitrogene 
and hydrogenc, have been guessed at, but no- 
thing more; for the boldest experiments of 
chemistry have hitherto been exerted in vain to 
effect their decomposition. While as to those 
which are more immediately connected with 
the principle of animal life, and upon which 
many schools of modern'philosophy have sup- 
posed it altogether to depend, as caloric, and 
the electric and voltaic fluids, the last of which 
seems in truth to be only a peculiar modi- 
fication of the second, together with other 
substances or qualities which in subtilty and 
activity have a considerable resemblance to 
them, as light and the magnetic aura, we are 
not only wholly incapable of decomposing them 
by any process whatever, but even of deitermin- 
ing them to be ponderable, or to possess any of 
the other common properties of matter, as 
extent and solidity. Whence we are, in fact, 
incapable of ascertaining whether they be 
matter at all, whether ra/ere qualities of mattef. 
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or whether some otlier more subtle and spiritu- 
alized substances intermixing themselves under 
different combinatiohs with the material mass, 
and giving birth to many of its most extraor- 
dinary properties and phaenomena. 

The question is entered upon at some length 
by Professor Berzelius, in his Explanatory 
Statement,** published in the Memoirs of the 
Academy of Stockholm for 1812, in which he 
endeavours to support the probability that the 
electric fluids and caloric are material as well 
as the fluid of light; but, to do this, he is 
compelled to alter the common definition of 
matter, and to contend that matter does not 
necessarily possess gravitation or aggregation, t 
The materiality of light has been attempted 
to be proved by its effects on solutions of mu- 
riate of ammonia and prussiate of potash, when 
placed in a situation to be crystallized. The 
crystallization of these salts may be directed at 
pleasure by the introduction of light at one or 
the other side of the vessels containing such 
solutions. Camphor displays a like affinity for 
light. All this, however, shows merely that 
light possesses an influence of some kind ; but 
it by no means' establishes that such influence 
is a material one. I 

^ See Young^s Lectures, vol. ii. p. 742. lecf. h* 
t Sec Nicholson's Journal, voK axxiV. p. J04, 165. 

X See Accum’s Elements of Crystallography, and TU!ocli*s 
Phi!. M^g, voU p. 307. 
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. Is it enquired to what imporjtant point these 
abstruse4pecu1ations lead? I may re|>ly,’ among 
others, to the following : 

First to a probability, if not to a prUof, that 
matter, under peculiar modifications, is capable 
of ptaking an approximation to something bp* 
yond itselfj as ordinarily displayed j and hereby 
of becoming fitted, whenever necessary, for an 
intercourse and union with an immaterial prin- 
ciple. 

An(i, secondly, to a clearer view of the coin- 
cidence of natural phsenomena with one -of the 
most glorious discoveries of revelation. For 
notwithstanding that matter, under every visible 
shape and texture, is at present, in a greater or 
less degree, perpetually changing and decom- 
posing, the moment we perceive that this is 
not a necessary effect, dependent upon its in- 
trinsic nature, but a beneficial power super- 
added to it for the mere purpose of rendering 
it a more varied and more extensive medium of 
being, beauty, and happiness — the moment we 
find ground for believing, that in its elementary 
principles it is essentially -solid and unchange- 
able ; and that even in many of its compounds 
it is almost as much exempted irom the law of 
change — we are prepared to contemplate a 
period in some distant futurity, in which, the 
grfiat object for which it has been endowed 
with this siiperadded power being accomplished, 
the exemption may extend equally to every 
part and to every cdmpound : a period te.^hich 
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there will be new heavens and a liew earth, 
and what^vel: is now corruptible will put on 
incorruption. 

But what, after all, is matter in its elementary 
principles, as far as we are capable of following 
them up ? Can it be divided and subdivided to 
Infinity ? or is there a limit to such divisibility, 
beyond which the process canilot possibly pro- 
ceed? and if so, are the ultimate bodies into 
which it is capable of dissolving still susceptible 
of developement, or, from their attenuation, re- 
moved beyond all power of detection ? 

These are questions which have agitated the 
world in almost all ages, and have laid a founda- 
tion for ^ variety of theories, of too much conse- 
quence to be passed over in a course of physical 
investigation. 

The tenet of an infinite divisibility of matter, 
whether in ancient or modern times, appears to 
have been a mere invention for the purpose of 
avoiding one or two self-contradictions sup- 
posed to be chargeable upon the doctrine of its 
ultimate and elementary solidity; but which, 
I much fear, will be found to have given birth 
to far more self-contradiction than it has re- 
moved. The mode of reasoning, however, by 
which this tenet was arrived at in ancient Greece, 
was essentially different from that by which it 
has been arrived at in our own day. 

It being, as 'We observed in our last lecture, 
an uncontroverted maxim among all the .Greek 

D 3 
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philosophers, of everj|' sect and school whatever, 
that nothing could proceed from nothing, mat- 
ter was of course conceived to have existed eter- 
nally, or it could not have existed at all. But 
it appeared obvious lo most of them, that matter 
is as certainly unintelligent as they conjectured 
it is certainly eternal. The existence of intel- 
ligence, however, is still more demonstrable 
throughout nature than the existence of matter 
itself} and hence such philosophers were driven 
to the acknowledgement of an intelligent prin- 
ciple distinct from a material substance} and 
from the union of these two powers they ac- 
counted for the origin of the world: matter 
being merely passive and plastic, and put into 
form and endowed with the qualities and pro- 
perties Of body by the energy of ‘the intelli- 
gent agent. But if form and corporeal pro- 
perties have been communicated to it, it must, 
before such communication, and in its drst or 
primal state, have been destitute of form } 
and that it was thus destitute is incontrovertible, 
continued the same schools of philosophy, be- 
cause form presupposes the existence of intel- 
ligence, and must be, under every shape and 
modification, the product of an intelligent 
energy } for it is impossible that matter could 
have had a power of assuming one mode d' 
form rathef than another mode : since, if ca- 
pable of assuming any kind, it must have been 
equally capable of assuming every kind, and, of 
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course, of exhibiting intelligent effedts without 
an intelligent cause, which would utter 
nonsense. 

Such is the general train of reasoning that 
seems to have operated upon the minds of Py- 
thagoras, Plato, and Aristotle, in impelling them 
to the belief that matter, in its primary state, to 
adopt the words of Cicero, hi which he explains 
the Platonic doctrine, " is a substance without 
form or quality, but capable of receiving all 
forms, and undergoing every kind of change ; 
in doing which, however, it never suffers anni- 
hilation, but merely a solution of its parts, which 
are in their nature infinitely divisible, and move 
in portions of space which are also infinitely 
divisible.” * 

But if we abstract from matter form and qua- 
lity, and at the same time deny it intelligence, 
what is tliere left to constitute it an eternal 
substance of any kind? and by what means 
could pure incorporeal intelligence endow it with 
form? 

These difficulties are insuperable j and, though 
attempted to be explained in different ways by 
each of these philosophers, they press like mill- 
stones upon their different systems, and are perpe- 
tually in danger of drowning them. Pythagoras 
compared the exbtence of matter, in its primary 
and amorphous state, to pure arithmetical num- 
bers, before they are rendered visible by arithmc- 

AcAd. Qfiisst. lib. i. cap. 
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tical fig\ires . says iMr,'* “ and one (the 

former pf ^Ijich he denoniinat<Hiwio«<id) arp to be 
dii^tinguished fVom each other: iPlij^isAn'abStraot 
conception, resembling primaiy ms incorporeal 
matter in its general aggregate ; 4nit i^pertains 
to things capable of being numbered, utid may 
be compai'cd to piatter rendered visible under a 
particular form.” ^o again, “ Number is- not 
inlinito any more than 'matter ; but it is never- 
theless the source of that infinite divisibility 
into, equal parts which is the property of all 
bodies.” * 

Numbers, however, were not more generally 
had recourse to by Pythagoras, to typify elemen- 
tary matter under different modifications, than 
they are in the present day by the most elabo- 
rate chemists, to express its particular combin- 
ations : ‘‘ As in all well-known compounds,” 
observes Sir Humphry Davy, “ the pri^ortions 
of the elements are in certain definite ratios to 
each other, it is evident that these ratios may be 
expressed by numbers.” t In consequence of 
which they are so expressed in various places 
by himself, and by many French^' Swedish, and 
^glish chemists, the hint .having been first 
sugg^todj I believe, by Hi^g€«js or Baltoa. 
And doctrine of' numbers is wdl 

* Anon. Photii, Ub. c. Niconiac. apud Phot. Tbeaust* in 
Pbys. lib. iii. sect. p. 67. See alsoEnSeM^s Brucker« t 
b. ii. ch. 12. p,383« 

I Davy,f;icm. I p. 112. 
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known to have been very Ic^rgely and very 
repeatedly had recourle to under the I^thago- 
rean system, and to have been used in explana- 
tion, not only of the endowment of di^rdnt 
portions of matter with different forms, but of 
the harmony with which the different natures of 
matter and mind unite in identic substances. 
Numbers and forms are, in consequence, not 
unfrequently contfemplated as the same thing— 
as the models or archetypes after whidi the- 
world in all its parts is framed — as the cause 
of entity to visible beings : nus xkli^ eTva» 

cbciots, * 

And hence, again, under the term monad, or 
unity, Pythagoras is generally cmiceived to have 
symbolised God, or the active principle in na- 
ture ; under diiad, the passive principle, or mat- 
ter ; and under triad, the visible world, prb- 
duced by the union of the two former. 

Pythagoras, however, was as much attached 
to music as to numbers, regarding it as a mere 
branch of the science of numbers applied to a defi- 
nite object. He has, indeed, the credit of having 
invented the monochord, and of having applied 
the principles of music, as well as those of num- 
bers, to the study of physics. He conceived 
that the celestial spheres, in which the planets 
move, striking upon the elastic ether through 
whfeti they pass, must produce a sound, and a 

^ Arist* Ub i, c, 6. Plut. Plac, Phil, lib^ i. cap. 
Ailmnag. Apol. 49. 



42 ON 'j’He elementary and constituent 

soQiid that toust vary according to the di^^ersity 
6f their magnitude, velocity, a!nd relative dis- 
tance j and, as the adjustment of the heavenly 
bodies to each other is perfect in every respect, 
he farther conjectured, that the harmony 'pro- 
duced by their revolutions must also be most 
perfect imaginable : and hence the origin of a 
notion, which is now, howevei;, only entertained 
in a figurative sense, a 'sense frequently laid hold 
‘of by our awn poets, and thus exquisitely en- 
larged on by Dryden : — 

From harmoD)^ from heavenly harmony^ 

This universal frame began. 

When nature underneatli a heap 
Of jarring atoms lay. 

And could not heave her bead. 

The tuneful voice was heard fron? high, 

Arise, ye more than dead ! 

Then hot and cold, and moist and dry, 

In order tb Uieir stations leap, 

And Muaic’s power obey. 

From harmony, from heavenly harmony. 

This universal frame began ; 

From harmony to hartnony 
Throngh all the compass of the notes it ran, 

The diapason closing full in man. 

What Pythagoras thus called numbers Plato 
denominated ideas^ a term which has, hence, 
descended to our own day, and is on every tine’s 
lips, although in a different sense from w^t ^ 
originally imported. The reason or* wisdom ot 
the great First Cause, and which he denominates 
the logos of God, i Aoyoj, or, 6 \oyi«740f TOtJ Otou, and 
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not unfrequently A^iftwugyoj (Demiurgus), Plato 
describes as a distinct principle from the Original^ 
Cause or Deity himself’, from whcifeii this efficient 
or operative cause, this divine wisdom or IqgQfi,' 
emanates, and has eternally eqianated, as light 
and heat from the sun. Thus emanating, he 
conceived it to be the immediate region or reser- 
’ voir of ideas or intellectual forms, of the arche- 
types or patterns of things, subsisting by them- 
selves as real beings — ri ovrms Snec — in this their 
eternal and original well-spring j and the union 
of which with the whole, or any portion of pri- 
mary or incorporeal matter, immediately pro- 
duces palpable forms, and renders them objects 
of contemplation and science to the external 
senses.* 

It is, hence, obvious that Plato contended for 
a triad or trinity of substances in the creation of 
the visible universe — God, divine wisdom, or 
the eternal source of intellectual forms or ideas, 
and incorporeal matter. And it is on this ac- 
count that several of the earliest Christian 
fathers, who, as I have already ohscrved, had 
been educated in the Platonic school, and had 
imbibed his notions, regarded this doctrine as of 
djvine origin ; and endeavoured, though prepos- 
terously, to blend the trinity of Plato, and that 
of the Chri^ian scripture, into one common 
dogma : an attempt which has been occasionally 
revived in modern times, especially by Cud- 

• I’liic. Phil. lib. I. c-ip. X, Tini. lib.c. 
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Vclhh and Ogilvie, with great profunditjr of 
tekrning and ^reat shrewdness of argument^ but, 
at the same tune, with as Uttle success as in the 
first ages of Christianity. 

It is to this theory, which, indeed, is highly 
fitted fi)r poetry, and much better so than for 
dry, dialectic discussion, Akenside beautifully 
alludes in the first book of his Pleasures of 
Imagination — 

^ Ere the radiant sun 

from the east, or, mid the vault of night 
The moot) suspended her serenerlanip ; 

Ere mountains, woods, or streams adorn'd the globe. 

Or Wisdom taught the sons of men her lore ; 

Then liv'd th’ Eternal : then, deep retir'd 
' In his unfathomM essetioe, view’d the forms, 

The forms eternal of created things : 

The t^adiant sun, the moon's nocturnal lamp, 

The mountains, woods, and streams, the rolling globe. 
And Wisdom's mien celestial. From the first 
Of days, on them his love divine he fix’d, 

His edmiratioii ; tU), in time complete, 

What be admir'd and lov’d his vital smile 
Unfolded into being. Hence the breath 
Of life in forming each organic frame ; » 

Hence the green earth, and wild resounding waves ; 
Hence fight and shade alternate ; warmth and cold ; 
And clear autumnal skies, vernal showers ; 

And all the fair variety of things. 

While, however, we thus point out the fa,nci- 
fulness and imperfections of these hypothesis, 
let us, with the candour of genuine phUosoph{y> 
do justice to the merits of their great inventors, 
and join in the admiration which has been so 
duly bestowed upon them by Jfche wise and 
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learned of every country. It was Plato who 
first suggested to Gallileo, even upon his pwn 
confession, that antagonist power by ^hicjh a 
rectilinear motion can be converted into an 
orbicular, and thus laid a basis for our account- 
ing for the regular movements of the heavet^y 
bodies *, a su^ect upon which we shall enter to 
a certain extent in our next lecture ; who, in some 
'degree, anticipated that correct system of colours 
which nothing but the genius of a Newton could 
fully develope and explain t ; who in mathema- 
tics unfolded to us the analytic method of solving 
a problem!:, and in theosophy 'so far surpassed 
all the philosophers of his country, in his correct 
views and sublime ‘ descriptions of the Deity, 
that he seems almost to have drunk of the inspir- 
ation of Horeb or of Sinai; and who, in his 
Timaeus, applies to the wisdom of God, the 
’ KaynT/Ms ToU ©eo5— a term which in Hebrew could 
scarcely be translated by any other word than 
that of Jeveh or Jehovah— wfiy on-ws is) §, “ what- 
ever is ESSENTIALLY ETERNAL.” 

Of Pythagoras, it is only necessary to direct 
the attention to the two following very extraor- 
dinary facts, to place him beyond the reach of 
pan^yric ; the first of which has occasionally 

Clalilei Discoru h Dimostrazioni Matematiche, p. 264. 
4to. Leyd. 1638. Dutenf, Origine des lierouvertea, &c. 
p, 00. 4to. Loud. 1796. 

t Piut. de Placitis Philos, lib. i. cap. 15. p. 32. Putens, 
ut supr. p. 101. 

t Dutais, itt supr. 

t) PIulnrrh.iiRTitn. lib. Hi. 34. 37. 
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furnished reflection for other writers, though the 
latter remains unnoticed to the present moment. 
At an antedate of two thousand two hundred 
years from the age of Copernicus, this wonderful 
genius laid the first foundation of the Copernican 
system, and taught to his disciples that the earth 
revolves both around her own axis and around 
the sun j that the latter motion is conducted in 
an oblique path or zodiac * and that the moon 
is an earth of the same* kind as our own, and 
replete with animals, whose nature, however, he 
does not venture to dcscribe.f 

The second extraordinary fact to which I 
allude, is one we have already slightly glanced 
at, but which must not &q cursorily be relin- 
quished ; 1 mean that, in ascribing to the pri- 
mary or elementary forms of bodies, in their 
unions with each other, relative proportions so 
exact, yet so diversified, that forms and num- 
ber may be employed as synonyms or con- 
vertible terms, he has .exhibited so close a 
coincidence with one of the latest and most 
surprising discoveries of the present day, that 
though I dare not call it an anticipation, I am 
at a loss how else to characterise it : for it has 


^ Plutarclu de Placitis, lib.iii. cap. i 1. Diog. Laert. 
lib. viii. beet. 85. Copernicus himiJelf admits that he derived 
his first hint of the eartli’b motion from Nicetas, a follower of 
Pythagoras. Vide his address to Paul 111. 

t Plutaich. de Placit. Cicer. Arad. Qusest. lib. iv. p. 984. 
col. 1 . Something of this doctrine is to be found in the 
Orphic Hymn. Pro<‘l. de Orpheo, lib, iv. in Tirnssum, p. 1.^4. 



PRINCIPLES OF I’HINCS. 


47 


been minutely ascertained within the last ten or 
twelve years, by an almost infinite variety of 
accurate and well-defined experiments by Hig- 
gens, Dalton, Gay Lussac, and Davy, that the 
combinations and separations of all simple bodies 
are conducted in a definite and invariable ratio 
of relative weight or measure *; as that of one part 
to one part, one part to two parts, one to three, or 
one to ibur ; and, consequently, that every change 
in the compound thus produced, whether of ad- 
dition or diminution, is a precise multiple or 
divisor of such ratio ; or, in other words, that 
the different elementary bodies which enter into 
such compounds can never unite or separate, 
never lay hold of or let go each other, in any 
other proportions. 

Let us exemplify this remark by a familiar 
instance or two. It is now well known to every 
one, that the calxes, oxydes, or, as they are often 
called, rusts, of metals, consist of a certain por- 
tion of oxygene with a certain portion of the 
metal, which is thus coflverted into a calx or 
oxyde. It is also known in the present day to 
most persons, that the greater number of metals 
are possest of two or more kinds of oxydes, pro- 
duced by an union of different proportions of 
the oxygene and the metal, and often distin- 

The only apparent exception T am aware of to tliis general 
principle is in the combination of the elements of M. DulongN 
detonating substance, or azotane, as described by Sir Humphry 
Davy, Phil. Trans, for 1813, p. 250 : and it is, hence, probable 
that we are not yet put into pos^tession of the proper rcsulfs*. 
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guisbable even by their colour ; as, minium or red 
lead, and cerusse or white lead, which are equally 
oxydes of the metal whose name they bear. 
Now, in whatever proportion the oxygene unites 
with, the metal to produce an oxyde of one kind, 
it invariably unites by a multiple or divisor of 
the same proportion to produce every kind of 
oxyde belonging to the same metal. Thus we 
have discovered not less than four different 
oxydes of antimony in different parts of the 
world : the lowest or simplest of them contains 
4i parts of oxygene to 100 parts of metal ; the 
next simplest contains 18 parts of oxygene to 
100 parts of metal, which is four times ; the 
third oxyde consists of 27 parts of oxygene to 
100 parts of metal, which is six times 4^ j and 
the fourth oxyde, 36 parts of oxygene to 100 parts 
of metal, which is eight times 4|. So tin, which 
possesses three discovered oxydes, has for its 
lowest the proportion of 7 parts of oxygene to 
100 parts of metal ; for its second oxyde, 14 parts 
of oxygene t6 100 pa^ of metal, which is twice 
7 i and for its highest, 21 parts of oxygene to 
100 parts of metal, which is three times 7- I 
have given the proportions in round numbers ; ^ 
but if I were to use the fractions that belong to 
them, the comparative results would be precilely 
the same. Nor can we possibly combine these 
substances in any other proportions so as to pro- 
duce oxydes, for the corpuscles of which they 
consist will not lay hold of or let go each other 
in any other ratios. It is possible that,wc may 
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hereafter detect an oxyde of antimony consisting 
of a less proportion of oxygene than 4| ; but if 
we ever should, we are confident beforehand 
that such proportion will be 2i. It is also pos- 
sible that we may meet with an oxyde contain, 
ing more than 4a and less than 18 parts of 
oxygene in 103 j but if we should db so, we can 
nearly anticipate that such proportion will be 9. 
And hence, as these proportions, though con- 
stantly true to their respective series, are con- 
stantly diversified in different substances, their 
radical figures or numbers may be employed, and 
now actually are employed, and that very gene- 
rally, and in perfect coincidence with the system 
of the Pythagorists, as synonyms of the simple 
forms or substances whose progressive character 
they describe. This curious coincidence of an- 
cient and modern philosophy, for at present I 
will call it nothing more, I cannot but regard 
as a veiy marvellous fact j and am not a little 
surprised that it should not hitherto have oc- 
curred, as it does not appear to have done, to 
the minds of any of those learned and ingenious 
chemists who have chiefly been employed in ap- 
plying and building up the discovery. And it 
is not the least important part of this discovery, 
that not only in the union or separation of simple 
substances, hut in all well known and more com- 
plicated compounds, so far as the experimental 
series has been carried, the elementary bodi^ 
which enter into them exhibit proportions eqtially 
definite and invariable ; thirs affbrdijig another 

VOL. I. E 
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proof of close connexion between the pheeno- 
tnena of nature and the occasional develope- 
ments of revelation ; the philosopher beholding 
now, as the prophet beheld formerly, that the 
Almighty Architect has literally adjusted every 
thing by weight and measure j that he has 
measured the waters and meted out the heavens, 
accurately comprehended the dust of the eaxth, 
weighed the mountains in scales and the hills in 
a balance. 
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LECTURE III. 

ON THE ELEMENTARY AND CONSTITUENT 
PRINCIPLES OF THINGS. 

(The subject continued.) 


T HE few steps we have hitherto taken in the wide 
and magnificent scope before us have only led 
to an establishment of two or three fundamental 
axiomjs, of no small importance in the science 
of physics, and to a developement of two or 
three of the most ingenious and most popular 
hypotheses of formen times, invented to account 
for the origin of the world around us, and the 
elementary and constituent principles of things ; 
especially the hypotfiesis of numbers, as proposed 
by Pythagoras, and that of ideas, as proposed by 
Plato ; and their application to primary and in- 
corporeal matter, in order to endow it with form 
and quality. There are yet two or three other 
hypotheses upon the same subject that amply 
demand our attention, and are replete with an 
equal degree of ingenuity and fine imagination ; 
especially the Peripatetic and the Atomic, or 
that of Aristotle and, that of Epicurus ; and 
we have also to trace out the relative degree of 
influence which each of these has exerted on 
♦he philosophical theories of later times. 

E « 
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' ’Aristotle had too much penetration not to 
see that the hypothesis of Plato was just as in- 
adequate as that of Pythagoras to a solution of 
the great question concerning the production 
o£ the visible world : and he proposed a third 
scheme* which has also had its share of popu- 
larity. According to this remodelled plan, 
the sensible universe is the result of four dis- 
tinct principles, —intelligence, matter, form, and 
privation ; which last term is little more than a 
mere’synonym for space or vacuum ; and thus far 
the theory of Aristotle chiefly difiers from that of 
Plato, by interweaving into it his fourth principle, 
derived from Democritus, and the other Atomic 
philosophers, and which he seems to have added 
to it with a view of providing a proper theatre 
for the two" principles ijf form and matter 
to move in. He supposes all these to have 
equally existed from eternity ; and the three 
last to have been eternally dfcted upon or thrown 
into a definite series of motions, upon which 
alone the existence and harmony of things are 
dependent, by the immutable and immaterial 
principle of intelligence, - whose residence he 
places in the purest and loftiest sphere or circle 
of the heavens } a sphere that in its vast embrace 
comprehends ten lower or subordinate spheres, 
that He between itself and the earth, which forms 
the centre of the whole^ and, in conjunction 
■with the earth, constitutes the universal worid. 

This supreme intelligence Aristotle coneeived 
to be in himself for ever at rest ; and the tranquil 
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and peaceable sphete in which he resides he 
denominated the empyreum or heaven of bliss. 
But though enjoying eternal rest himself, he 
communicates motion, necessarily and essen- 
tially, upon this theory, to the sphere immedi- 
ately below him j as this, in its turn, commu- 
nicates it in diderent directions, and with dif- 
ferent velocities, to the other spheres that 
revolve within its range • ; whence the sphere 
thus ■ earliest receiving motion, and nearest to 
the empyreum, Aristotle denominated the 
PMMUM MOBILE or first moving power ; it con- 
stituted the tenth in the regular series; the 
ninth, or that which lies next to it, being deno- 
minated the crystalline heavens; the eighth, 
the starry sphere, or heavens ; and the remain- 
ing seven deriving their names from, and being 
appropriated to, the different revolutions of the 
di^rcnt planets, as Saturn, Jupiter, Mars, 
Apollo or the sun, Venus, Mercury, and Diana 
or .the moon: the earth, forming the centre of 
the whole, being an imperfect sphere, with a 
larger proportion of matter at the equator ; on 
which account tlie earth was conceived to turn on 
her axis in a rocking motion, revolving round 
the axis of the ecliptic, and making the stars ap- 
pear to shift their places at the rate of about 
one degree in seventy-two years. According to 
which calculation, all of them will appear to 
perform a complete revolution in the space of 

* Diog. Laeit. lib. v. sect. 23. Arist. Phys. lib. 1. cap. 3, 4. 
De C«el. lib. 2. cap. 3. 1 1. 

E 3 



64f ON THE EUSMJBNTAEy ANJ| CONSTITUENT 

^•9^ years, and, consequently, to return to 
the precise situation they occupied at the com- 
roencement of such period. This period was 
hence denominated the annus magnus, or 
GKEAT YEAR, and not unfrequently the ixatonic 
YEAR, as the same kind of revolution was in 
some measure taught also by Plato. 

The motory power, thus impressed by the in- 
telligent moving principle, not voluntarily but 
by necessity, upon the different heavenly 
spheres, and finally upon the earth, and pro- 
ductive of that catenation of effects which is 
equally without beginning and without end, 
Aristotle denominated nature, and thus fur- 
nished us with a word, which has for ages been 
so extensively made use of, that, though there is 
nothing in all language more imprecise, there 
is nothing we could spare with more inconve- 
nience. The same term, indeed, is occasionally 
employed Tby Plato, but in a sense still less 
definite if possible, and at the same time still 
less comprehensive. 

On the revival of literature, this theory, to- 
gether with the other branches of Peripatetic 
science, was chiefly restored and studied ; and 
cmitinued, indeed, to be generally adhered to 
for upwards of a century after the publication 
of the Copernican system ; which is well known 
to have at first experienced but a very cold^and 
inhospitable reception from the literary world. 
And it is hence this theory that is principally 
adverted to and described in the productions of 
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all the early poets as well ^ philosophers of 
eveiy part of modern Europe. And so complete 
was the triumph of the Peripatetic school in all its 
doctrines throughout Christendom, at this period, 
that ■Melancthoti makes it 'a matter of com* ' 
plaint that, even in the sacred assemblies, parts 
of the writings of Aristotle were read to the 
people instead of the Gospel. Even Milton 
himself, though born considerably more than a 
century after Copernicus, wavers as to the 
propriety of adopting his hypothesis of the 
heavens, and hence, in his Paradise Lost*, 
leaves it doubtful which of the two, the new or 
the old, ought to be preferred. The best and 
most splendid description of the Aristotelian 
theory that I have ever met with is contained 
in the Lusiad of Camoens ; the whole is too long 
for quotation, but I may venture to aMrm, that 
you will be pleased with the following lines from 
Mr. Mickel’s very spirited version of the Portu- 
guese bard, as delineating the dlQerent heavenly 
spheres that were supposed, as I have already 
observed, to lie one within another, like the 
different tunics of an onion : •— 

These spheres behold : the fir$t in wide embr^ 
Surroua4^ the lesser orbs of various face ; 

The BM^yaEAtr this, the holiest heaven. 

To the pure spirits of the blest is given : 

!No mortal eye its splendid rays may bear. 

No mortal bosom feel the raptures there. 

The earth in all her sqknraer pride array’d 
TRtthis miglit seam a dark, sepulchral shade. 

* Book viii. 
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UninQv’d it stands* Within its shining franis«> 

In (notion swifter than the Hghtning^s flame, ' 

Swifter than sight the moving parts may spy. 

Another sphere whirls round its rapid sky : 

Hence HOTioM darts its force, impulsive draws, 

Atrf on the other orbs impresses laft’s. •' 

These hypotheses are abstruse, and perhaps 
ill calculated to afford amusement) but in a 
course of physical study they ought by no means 
to be overlooked. Abstruse as they are, the 
one or the other of tliem is interwoven with 
the whole range of classical literature, and, as 
I have already remarked, held the ascendant in 
the horizon of metaphysics till within the last 
two centuries ; and 1 have dwelt upon them 
the rather, because, much as we still bear of 
them, and find them adverted to in books, I am 
not acquainted with any work whatever that 
gives any thing like a clear and intelligible 
summary of their principles. Their more pro- 
piinent defects are, in few words, as follows : 
Independently 6f conveying very imperfect and 
erroneous views of the creation, they equally 
concur in reducing matter, notwithstanding its 
pretended eternal existence, to a non^entity, 
and confound its properties with those of pure in- 
telligence, by giving to numbers* idew, or a mere 
abstrapt notion, real form and existence. The 
most powerful advocate of the Platonic theory, 
in modern times, was the very excellent Bishop 


* Book X- p. 4il3. 4U). J7?6. 
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Berkeley j who, in the true spirit of consistency, 
and with a boldness that no consequences could 
deter, openly denied the existence of » material 
world, and thus reduced the range of .actual 
entities from three to two, an intelligent first 
cause, and intellectual forms or ideas, and gave 
the death-blow to the system, by avowing its 
necessary result. ’ 

In modern times, however, as I have already 
hinted at, the infinite divisibility of matter has 
for the most part been supported upon different 
grounds, and philosophers have involved them- 
selves in the same fatal consequences, by a much 
shorter process of reasoning. No compound Or 
visible bodies, it is well known, ever come into 
immediate contact with each other, or influence 
each other by means of simple solidity. The 
earth is affected by the sun, the moon by the 
earth ; the waters of the earth by the moon. 
Light is reflected from substances to which it 
directs its course at a distance, and without 
impinging upon them. The particles of all 
bodies deemed the most solid and impermeable, 
are^capable of approaching nearer, or receding 
farther from each other, by an application of 
different degrees of cold or heat. We can, 
liehce, it is said, form no conception of perfect 
solidity *, and every phaenomenon in nature ap- 
pears to disprove its existence. The minutest 
cojptiscle we can operate upon is still Capable 
of a minuter division, and the parts into 
which it divides possessing the common nature 
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of the corpuscle which has produced thetn, 
must necessarily, it is added, be capable of 
a still farther division ; and as such divisions , 
can have no assignable limit, matter must 
necessarily and essentially be divisible to in- 
finity. 

Such was the reasoning of Des Cartes, and 
of the numerous host of philosophers who 
attached themselves to his theory about the 
middle of the seventeenth century. The argu- 
ment, indeed, is highly plausible ; but it was 
soon obvious, that, like the Grecian incorpo- 
riety of matter, it leads to a pure nonentity of 
a material world ; for that which is essentially 
unsolid and infinitely divisible, must at length 
terminate in nothing. And hence, Leibnitz 
attempted to amend the system, about half a 
gentury,.and Boscovich, about a century aller- 
wards, by contending, as indeed Zeno is sup- 
posed to have done formerly, that matter has 
its ultimate atoms, or monads, as they were 
denominated by Leibnitz, from the language of 
Pythagoras, beyond which it is altogether in- 
divisible } and that these ultimate atoms* or > 
monads are simple inextended points, produc- 
ing, however, the phajnomenon of extension^ 
by their combination, and essentially possest 
the powers of attraction and repulsion. 

Tliere is such a charm in novelty, that it 
often leads us captive in despite of the most 
glaring errors, and intoxicates our judgment as 
fatally as the cup of Circe. It is upon this 
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ground alone we can account for the general 
adoption of this hew system, when first pro- 
posed in its finished state by Boscovich, and 
the general belief that the Gordian knot was at 
length fairly untied, and every difficulty, over- 
come. It required a period of some years for 
the heated imagination to become sufficiently 
cool to enable mankind to see, as every one 
sees at present, that the difficulties chargeable 
upon the doctrine of an infinite divisibility of 
matter are not touched by the present theory, 
and remain in as full force as before its appear- 
ance. If the monads, or ultimate points of 
matter here adverted to, possess body, they 
must be as capable of extension, and conse- 
quently of division, as material body under any 
other dimension or modification : if they do not 
' possess body, then are they as much nonentities 
as the primal or amorphous matter of Plato or 
Pythagoras. Again, we are told that these points 
or monads are endowed with certain powers ; 
as those, for example, of attraction and repulsion. 
But powers must be the powers of something ; 
what is this something to which these powers are 
thus said to appertain ? if the ultimate an^ in- 
extended points before us have nothing but 
these powers, and be nothing but these powers, 
then are such powers powers of nothing, powers 
without a substrate, and, consequently, as much 
nonentities as on the preceding argument. Visible 
or sensible matter, moreover, it is admitted by 
M. Boscovich and his disciples, is possessed of 
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extensioh j but visible or -sensible matter is also 
admitted to be a mere result of a -combination 
of inextended atoms how can extension pro- 
ceed from what is inextended ? — of two diame- 
trical opposites, how is it possible that either 
can become the product of the other ? 

It is unnecessary to pursue this refutation. 
The lesson which the whole of such fine-spun 
and fanciful hypotheses teach us, and teach us 
equally, is, that it is impossible to philosophise 
without a firm basis of first principles. We 
must have them in physics as well as in metaphy- 
sics,— in matter as well as in morals j and hence 
the best physical schools in Greece, as well as 
in more modern times, — those which have con- 
tended for the eternity of matter, as well as 
those which have contended for its creation out 
of nothing, — have equally found it necessary to 
take for granted, what in fact can never be 
proved, tliat matter in its lowest and ultimate 
parts consists of solid, impenetrable, and move- 
able particles, of definite sixes, figures, and 
proportions to space; from different combina-- 
tions of which, though invisible in themselves, 
every visible substance is produced. 

This theory, which has been commonly dis- 
tinguished by the name ©f the Atomic philo- 
sophy, was first started in Greece by Leucippus 
or Democritus, and afterwards considerably im- 
proved by Epicurus ; and as it bears a striking 
analogy to many of tiie features which mark 
the best opinions of the present day, and has 
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probably given them much of their colour and 
complexion, if it have not originated them, 
I shall take leave to submit to you the following 
outline of it • 

The Atomic philosophy of Epicurus, in its 
mere physical contemplation, allows of nothing 
but matter and space, which are equally in- 
finite and unbounded, which have equally ex- 
isted from all eternity, and from difterent com- 
binations of which every visible form is created. 
These elementary principles have no common 
property witli each other ; for whatever matter 
is, that space is the reverse of; and whatever 
space is, matter is the contrary to. The actually 
solid parts of all bodies, therefore, are matter; 
their actual pores space ; and the parts which 
are not altogether solid, but an intermixture of 
solidity and pore, are space and matter com- 
bined. Anterior to the formation of the uni- 
verse, space and matter existed uncombined, 
or in their pure and elementary state. Space, in 
its elementary state, is* absolute and perfect void ; 
matter, in its elen^entary state, consists of in- 
conceivably minute seeds or atoms, so small that 
the corpuscles of vapour, light, and heat are 
cdhipounds of them ; and so solid, that they 
cannot possibly be broken or abraded by any 
concussion or violence whatever. The express 
figure of these primary atoms is various : there 
are round, square, pointed, jagged as well as 

* This outline is given more at length in the author’d Pro- 
legomena to his translation of ^*The Mature of Things,*’ 
p. cix. and following. 
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many other shapes. These shapes, however, 
are not diversified to infinity; but the atoms 
themselves of each existent shape are infinite or 
inntuderable. Every atom is possessed of cer- 
tailt intiinsic powers of motion. Under the old 
school of Democritus, the perpetual motions 
hence produced were of two kinds : a descend- 
ing motion, from the natural gravity of the atoms ; 
and a rebounding motion, from collision and 
mutual clash. Besides these two motions, and to 
explain certain phenomena to which they did 
not appear competent, and which were not ac- 
counted for under the old system, Epicurus sup- 
posed that some atoms were occasionally pos- 
sessed of a third, by which, in some very small 
degree, they descended in an oblique or curvi- 
linear direction, deviating from the common 
■and right line anomalously ; and in this respect 
resembling the oscillations of the magnetic 
needle. 

These infinite groups of atoms, flying through 
all time and space in diflerent directions, and 
under diflerent laws, have interchangeably tried 
and exhibited every possible mode of rencounter ; 
sometimes repelled from each other by concus- 
sroQ, and sometimes adhering to each other from 
thdr own jagged or pointed construction, or 
from the casual interstices which two or more 
connected atoms roust produce, and wMeli 
may be just 'adapted to those of other figures, 
as globular, oval, or square. Hence, the origin 
of coippound and visible bodies; hetide, the 
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origin of large masses of matter » hence, eventu- 
ally, the origin of the world itself. When these 
primary atoms are closely compacted, and but 
little vacuity or space lief between, they produce 
those kinds of substances which we denominate 
solid, as stones and metals j when they are loc^ 
and disjoined, and a large quantity of space or 
vacuity is interposed, they exhibit bodies of lax 
texture, as wool, water, vapour. In one mode 
of combination, they form earth ; in another, 
air; and in another, fire. Arranged in one 
.way, they produce vegetation and irritability ; 
in another way, animal life and perception. Man 
hence arises, families are formed, societies arc 
multiplied, and governments are instituted. 

The world, thus generated, is perpetually sus- 
tained by the application of fresh tides of elemen- 
tary atoms, flying with inconceivable rapidity 
through all the tlie infinity of space, invisible from 
theirminuteness,and occupying the posts of those 
that are as perpetually flying off. Yet nothing 
is eternal or immutable but these elementaiy 
seeds or atoms themselves. The' compound 
formis of matter are continually decomposing 
and dissolving into their original corpuscles ; to 
this there is no exception : minerals, vegetables, 
and animals, in this lespect all alike, when they 
lose their present make, perishing for ever, and 
new combinations proceeding from the matter 
into which they dhisplve. But the world itself 
is a compound though not an organized being ; 
sustained and nourished, like organized beings, 
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imn the tnaieiial pabulum that floats through 
the void of infinity. The world itself must, 
therefore, in the same fanner, perish : it had a 
beginning, and it will have an end. Its present 
crasis will be decompounded ; it will return to 
its original, its elementary atoms; and new 
worlds will arise from its destruction. 

Space is infinite, material atoms are infinite, 
but the world is not infinite. This, then, is not 
the only world, nor the only material system 
that exists. The cause that has produced tins 
visible system is competent to produce others : 
it has been acting perpetually frpm all eternity ; 
and there are other worlds, and other systems of 
worlds, existing around Us. 

Those who are acquainted with the writings 
of Sir Isaac Newton and Mr. Locke will per- 
ceive in this sketch of the Atomic philosophy 
the rudiments of a very great part of their own 
systems, so far as relates to physics ; we may, 
indeed, fairly regard them as offsets from the 
theory before us, cleared in a very great degree 
of its errors, and enlarged in their principles, 
and fortified by more recent observations and 
discoveries. I must, for the present, confine 
myself to the following quotations from the first 
of these high ornaments bfjour country. “ All 
things considered,” says Sir Isaac, “ it seems 
probable that God, in the beginning, formed 
matter in solid, massy, hard, impenetrable, move- 
able particles ; of such sizes and figures, and 
with such other properties, and in such propor* 

6 
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tioH to space, as most conduced to the end for 
which he formed tJiein.” Sp again : “ While 
the primitive and solid particles of matter con- 
tinue entire, they fnay compose bodies of one 
and the same nature and texture in all ages; 
but should they wear away, or break in pieces, 
the nature of things depending on them would 
be changed. Water and earth, composed of old 
woi’u particles and fragments of particles, would 
not be of the same nature and texture now, with 
water and earth composed of entire particles at 
the beginning ; and therefore, that nature may 
be lasting, the changes of corporeal things are to 
be placed only in the various separations, and 
new associations and motions of these permanent 
particles : compound bodies being apt to break, 
not in the midst of solid particles, but where 
those particles are laid together, and touch only 
in a few points.” 

The Ej|icurean doctrine, moreover, of a flux 
and reflux of elementary particles exterior to 
every material system, perpetually feeding and 
replenishing it, and carrying ofl“ its dissolved and 
rejected rudiments, bears no small resemblance 
to the ethereal medium of Sir Isaac Newton ; 
andj in its law of action, has been singularly j e- 
vived within the course of the last six years by 
Professor Leslie, in his principles of impulsion, as 
detailed in his “ Inquiry iuto the Nature of 
He^’* It is a docU’ine, .also, peculiarly coin- 
cident with Lr. Ilerschel’s recent theory* of 
nebulae, or milky ways in the heavens, which, 
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contrary to his own earlier opinions, and those 
of former astronomers, who ascribed such appear- 
ance to the mixt light thrown forth from clusters 
of stars top remote to be reached by the best tele- 
scopes, he now resolves, as we shall have occa- 
sion to show more minutely in due time, into 
masses of a luminous fluid, existing indepen- 
dently of all stars or planets, though originally, 
perhaps, emitted from them ; aggregated by a 
variety of causes that tend to give its minute 
particles unity; sometimes forming new stars 
by its condensation, and often feeding and rege- 
nerating those that are exhausted. 

Such is a brief survey of the chief tlieories of 
the primitive or elementary substance of matter 
which have been offered in ancient or modern 
times ; from a combination of the difterent par- 
ticles of which, in different modes and propor- 
tions, and under the operation of different laws, 
all sensible bodiesare supposed to havegi'oceeded. 

Of sensible bodies thus produced, some, how- 
ever, in direct repugnancy to the Atomic 
philosophy, whether of ancient or more recent 
times, have been very generally conceived to 
have been formed first ; to be peculiarly simple 
in their composition, indecoi^osable by any 
known powers in their structure, and to be the 
basis of all other bodies, or those from which 
all other bodies proceed, by diflferent unions and 
modificatiohs : and hence such substances have 
been denominated constituent principles^ or con- 
eiiluej^t elements; concerning the kind and number 



PUINCIJPr.ES OF THINGS. 


67 


of wliicli, however, we have had almost as many 
opinions oflered as concerning the- origin and 
nature of the primitive principles themselves. 

Thus, among both the ancients and the mo- 
derns, sometimes fire, sometimes air, sometimes 
earth, and sometimes water, has been considered 
as the sole constituent element or source of 
things. Sometimes two of these substances 
have been thus denominated, and sometimes 
three; but more generally the whole. Occa- 
sionally, indeed, a fifth, and even a sixth, have 
been added to the number, as cold and oil, each 
of these having at times been considered as 
simple and indecomposable substances: while, 
under the old Atomic system, and especially as 
improved by Epicurus, all such principles were 
completely swept away, and no one sensible sub- 
stance whatever was conceived to be better 
entitled to the character of a constituent prin- 
ciple than another ; the whole equally flowing 
from peculiar modifications and combinations 
of the primitive or elementary principles — the 
EERUM ERiMORDiA — and equally resolving into 
them upon decomposition. 

Of these different theories, the greater num- 
ber are scarcely worth examining; and I shall 
only tlierefore observe, that for that which sup- 
poses the existence of four distinct elements, 
fire, air, earth, and water, and which for ages 
has been in almost universal acceptation, and 
would have been so still but for the recent 
discoveries of clieraistry, we are indebted to 

T 2 
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Empedocles. This celebrated philosopher, and 
very excellent poet, flourished about four cen- 
turies befoi'e the Christian a?ra. His opinions, 
like those of almost all the earliest sages, were 
given in metre, in a didactic poem, “ On 
Nature,” of which only a few fragments have 
descended to our own times. He was a native 
of Sicily, and Iris talents and his country are 
celebrated by Lucretius, who was nevertheless 
of a very diftbrent school of philosophy, in 
verses so elegant and so descriptive, that 1 can- 
not refrain from presenting you with a literal 
but very humble translation of them ; intro- 
duced, more especially, as they are, with obser- 
vations upon different rival philosophers, who 
employed one, two, and various other numbers 
of the commonly esteemed elements, and in 
various combinations, as the basis of their re- 
spective theories. 

Nor wanders less the sa^e who air with fire 
Would fain commix, or limpid stream with earth ; 

Or those the whole who join, fire, ether, earth, 

And pregnant showers, and thence the world deduce. 
Thus sung Empedocles, in honest fanre 
First of his sect ; w’honi Agrigentum bore 
In cloud-capt Sicily. Its sinuous shores 
Th* Ionian main, wit!) hoarse, unwearied wave, 
Surrounds, and, sprinkles, with its briny dew : 

And, from the fair ^Eolian fields, divides 
With narrow frith that spurns th' impetuous surge. 

Here vast Charyrdis raves ; here -®tna rears 
Hisinfint thunders, bis dread jaws unlocks. 

And heav a and earth with fiery ruin threats^ 

Here many a wonder, many a scene sublime, 
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As on be journeys, checks the traveller’s steps ; 

And shows, at once, a land in harvests rich. 

And rich in sages of illustrious fanu*. 

But nought so vvond’rous, so illustrious nought. 

So fair, so pure, so lovely, can it boast, 

Empfdocles, as thou I whose song divine. 

By all rehears’d, so clears each mystic lore. 

That scarce mankind believ’d thee born of man. 

Yet e*en Empedocles, and those above 
Already sung, of far inferior fame, 

Though doctrines frequent from their bosoms flow’d 

Like inspiration, sager and more true 

Than e’er the Pvthian maid, with laurels crowm’d. 

Spoke from the tripod at Apollo’s shrine ; 

E’en those mistook the principles of things. 

And greatly wander’d in attempt so grej^t. 

Let our controvertists of the present day learn 
a lesson of liberality from this correct and 
polished reasoner, whose own theory is well 
known to have been that of Epicurus, to which 
I have just adverted, namely, that one substance 
is just as much entitled to the character of a 
constituent element as another,— and that every 
thing equally proceeds from and in turn is re- 
solved into the primitive and invisible atoms or 
principles of matter. 

It is to this tlieory alone that all the experi- 
ments of modern phemistry are giving counte- 
nance. Air, water, and earth suspected to be 
compounds in the time of Epicurus, have been 
proved to be such in our own day ; while of the 
actual nature of heat or fire, mankind are |ust 
as mlinformed now as they were then. 

In the process, however, of destroying these 
supposed elements, chemistry has occasionally 

V 3 
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seemed to detect others ; and heqce, instead of 
air, fire, eai'th, and water, as simple or inde- 
composable substances, wc have liad phlogiston, 
acids, and alkalies j sulphur and phosphorus ; 
oxygene, hydrogene, nitrogene, and carbono, pro- 
gressively arising before us, and laying claim to 
an imperishable existence. All of them, however, 
have fallen, or are falling in their turn, without 
having lived long enough to reach the common 
age of man ; all of them have been proved, or 
reasonably suspected, to be compounds of other 
substances, that may yet, perhaps, be detected to 
be compounds of something beyond. Even 
oxygene, the most brilliant of the whole, the 
boasted discovery of Lavoisier, and out of which 
he was supposed to have built to his own memory 
a monument more durable than brass,” has 
had its throne shaken to its foundation by Sir 
Humphry Davy, and is at this moment, like the 
Roman empire in its decline, obliged to divide its 
sway with a new and popular power, which this 
last celebrated chemist has denominated chlorine ; 
while of the more subtle and active agents, light, 
caloric, the magnetic and electric fluids, we know 
nothing but from their effects, and can only say 
of each — staf nominis umbra.' 

Is physical science then a vain show ? — a mere 
house of cards, built up for the sole purpose of 
being pulled down again ? — Assuredly not. The 
firm footing we have actually obtained upon 
many essential points— a footing not to be dis- 
turbed by any future change of system, or novelty 
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of di^very — and the ascertaiiunent^ot a mul- 
titude <ii recondite facts, and their application 
to some of oi|r most extensive and valuable arts, 
sufficiently prove that philosophy has neither 
lived nor laboured in vain. Although we have 
not been able to break through the spell com- 
pletely— to, follow up the Proteus-forra of 
matter into its deepest recesses, and fix it in its 
last shape and character— we have succeeded 
in developing many of its most important laws, 
as it will be tlie object of the ensuing lecture 
to point out, and to apjily tliem to a solution of 
many of its most important plimnomena. What- 
ever is sure and trusty has remained to us, and 
whatever has given way has been mere chima?ra 
and shadow: wc have chiefly, perhaps only, 
failed where we have cither been too curious, or 
have suffered imagination to become our 
charioteer in the slow and sober journey of 
analysis. 

Before wc quit this subject, let us, in the 
candid spirit of genuine philosopliy, do the same 
justice to Epicurus as we attempted in our last 
lectuie to Pythagoras and Plato. It has been 
veiy generally said, and very generally believed, 
principally because it has been very gencually 
said, that the great and mighty cause of this 
beautiful and harmonious formation of worlds, 
and systems of worlds, in the opinion of Epicurus, 
was mere chance, or fqetune. There is nothing, 
however, in those fragments of his works which 
have descended to us, that can m any nay 

r 4 
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countenance so opprobrious an opinion, but 
various passages that distinctly controvert it,— 
passages in which he peremptorily denies tlie 
existence of chance or eoutune, either as a deity 
or a cause of action i and unequivocally refers 
the w'hole of those complex series of percussions 
and repercussions, ini erchanges and combinations, 
exhibited by the elementary seeds oi atoms of 
matter during the creative jirocess, to a chain of 
immutable laws which they received from tlie 
Almighty Architect at the beginning, and which 
they still punctually obey, and will lor ever obey 
till the universe shall at length cease to exist,* 
“ Whom,” says Epicurus, in a letter to liis dis- 
ciple Meua:ceus,that hasyet snrviv'ed the preying 
tooth of time, and will be Ibnnd in Diogenes 
Laertius, “ do you believe to be more excellent 
tlxau he who piously reveres the Gods, who feels 
no dread of death, and rightly estimates the 
design of nature ? Such a man does not, with 
the multitude, regard chance. as a God, for he 
knows that God can never act at random ; nor as 
a contingent cause of events ; nor does he 
conceive, that from any such power flows the 
good or the evil that measures the real happiness 
of human lit'e.” He held, however, that the 
laws which govern the.uiiiverse were altogether 
arranged and imposed upon it by the Creator at 
its first formation, and that the successive train 

^ For a more extensive inquiry into this subject, the reader 
1$ referred to the author’s Prolegomena to his translation of 
• ‘ The Nature of Things,” from which this summary U drawn 
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of events to which they have given rise have 
followed as the necessary result of such an 
arrangement, and not as the immediate superin- 
tendence of a perpetually controlling Providence. 
For it was the opinion of Epicurus, as well as of 
Aristotle, that perfect rest and tranquillity are 
essential to the perfect happiness even of Him, 
who, to adopt his own language in another place, 
possesses all imraortalily and beatitude. , “ Think 
not,” says he, " that the different motions and 
revolutions of the heavens, the rising, setting, 
eclipses, and other phamomcna of the planets, 
are produced by the immediate control, super- 
intendence, or ministration of Him who possesses 
all immortality and beatitude; it is from the 
immutable laws which they received at the 
beginning, in the creation of the universe, that 
they punctually fultil their several circuits.” 

The origin of this calumny upon the character 
of Epicurus it is by no means difficult to trace, 
and it has been sufficiently traced, and sufficiently 
exposed, by Diogenes Laertius, Gassendi, Du 
llondelle, and other distingui.shed writers, who 
have done ample justice to his memory ; and upon 
the confessions of Plutarch, Cicero, and Seneca, 
abundantly proved, that it was the same ranco- 
rous spirit of envy among many of his competi- 
tors for public fame, and especially among the 
Stoic philosophers, which strove to fix upon him 
the charge of voluptuefUs living, though the most 
temperate and abstemious Atlienian of his day, 
•that thus, with yet keener malevolence, endea. 
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voured to brand him with the still fouler re- 
proach of the grossest impiety and atheism. 
It is indeed scarcely to be believed, if the fact 
were not concurrently attested by all the writers 
of antiquity, that the philosopher, whose name, 
from the low and malignant sjnrit I have just 
adverted to, has been proyerbialised for general 
licentiousness and excess, drew the whole of his 
daily diet from the plainest pottage, intermixed 
with the herbs and fruits of his pleasant and 
celebrated garden. “ I am perfectly contented," 
says he, in an epistle to another friend, “ with 
bread and water alone ; but send me a piece of 
your Cyprian cheese, that I may indulge myself 
whenever I feel disposed for a luxurious treat." 
Such, toes was the diet of his disciples. Water, 
says Diodes, was their common beverage ; and of 
wine they never allowed themselves more than a 
very small cup. And hence, when the city of 
Athens was besieged by Demetrius, and its in- 
habitants reduced to the utmost extremity, the 
scholars of. Epicurus bore up under the calamity 
with less inconvenience than any other class of 
citizens; the philosopher supporting them at his 
own expence, and sharing with them daily a small 
ration of his beans. The pleasure of friendship, 
the pleasure of virtue, the pleasure of tran- 
quillity, the pleasure of science, the pleasure of 
gardening, the pleasure of studying the works 
of nature, and of admiring her in all the pic- 
turesque beauty of her evolutions, formed the 
sole pursuit of his life. This alone, he affirmed. 
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ticserves the name of pleasure, and can alone 
raise the mind above the grovelling and mis- 
named pleasures of self-indulgence, debauchery, 
and excess. 

There is something gratifying to an enlarged 
and liberal spirit in being thus able to rescue 
from popular, but unfounded obloquy, a sage of • 
transcendant genius and almost unrivalled in- 
tellect, and in restoring him to the admiration 
of the virtuous and the excellent. That he did 
not feel the force of any argument offered by 
nature in proof of the immortality of the soul, 
.and was in this respect considei'ably below the 
standard of Socrates and Cicero, must be equally 
admitted and lamented ; and should teach us 
the high value of that full and satisfactory light 
which was then so much wanted, and has since 
been so gloriously shed upon this momentous sub- 
ject. 13ut let it at the .same time be remembered, 
that, with a far bolder front than either of the 
philosophers here adverted to, he dared to expose 
the grossness and the absurdities of the popular 
religion of his day, and in his life and his 
doctrines gave a perpetual rebuke to vice and 
immorality of every kind. And hence, indeed, 
the main ground of the popular calumny with 
which his character was attacked, and which has 
too generally accompanied his memory to the 
present day. 
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LECTURE IV. 

ON THE PROPERTIES OF MATTER, ESSENTIAL 
AND PECULIAR. 

In our last lecture I endeavoured to render U 
probable, that all visible or sensible matter 
is the result of a combination of various 
solid, impenetrable, and exquisitely line par- 
ticles or units of the same substance, too 
minute to be detected by any operation of the 
senses. Of the shape or magnitude of these 
particles we know nothing : and even their 
solidity and impenetrability, as I then observed, 
is rather an assumption, for the purpose of avoid- 
ing several striking difficulties and absurdities 
that follow from a denial of these qualities, than . 
an asceilained and established fact. 

From this unsatisfactory view of it in its 
elementary and impalpable state, let us now 
proceed to contemplate it in its manifest and 
combined forms, and to investigate the more 
obtlious properties they offer, and the general laws 
by which they are regulated. 

The change of distance between one material 
body and another, or, in other words, their 
approach to or separation from each other, is 
called MOTION j and the wide expanse in which 
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motion of any kind is performed is denominated 

SPACE. 

Matter has its essential, and its peculiar 
PROPERTIES. Its essential properties are those 
which are common to it under every form or 
mode of combination. Its peculiar properties 
are those which only appertain to it under defi- 
nite forms or definite circumstances. 

The ESSENTIAL PROPERTIES of matter are 
usually classed under the six following heads : 
passivity, extension, density, impenetrability, 
divisibility, and gravitation ; which, however, 
may easily be reduced to four, since extension, 
density, and impenetrability may be compre- 
hended under the general term cohesibility. 

Passivity, inertia, or vis inertia;, is the ten- 
dency in a body to persevere in a given state, whe- 
ther of rest or motion, till disturbed by a body 
of superior force. And hence these terms, which* 
are mere synonyms, imply a power of mobility 
as well as a power of quiescence j although pas- 
sivity has often been confined to quiescence, 
while mobility has been made a distinct property. 
Thus it is from the same [lower, or tendency to 
passivity, that a cannon-ball continues its mo- 
tion after being projected from a gun, as that 
by which it remained at rest before it was 
thrown oflF} for it is a well-known theorem in 
projectiles, that .the action of the powder on 
a bullet ceases as soon as the bullet is out of 
the piece. In like manner a billiard-ball al 
rest will continue so till put into motion by a 
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billiard-ball in motion, for it can never com- 
mence motion of’ its own accord. While a 
billiard-ball in motion would persevere in motion, 
and in the same velocity of motion, for ever, if it 
met with no resistance. But it does meet with 
resistance from a variety of causes, as the friction 
of the atmosphere, the friction of the green-cloth, 
and atlasit a contact with one of the sides of the 
table, or with the ball against which it is di- 
rected. 

In this last case either ball will receive con- 
versely the same precise proportion of rest or 
motion which it communicates. Thus, if the 
ball in motion strike the ball at rest obliquely, 
the latter will be put into a certain degree of 
activity, and the former will, in the very same 
degree, be impeded in its progress, and receive 
an equal tendency to a state of rest. If the 
» ^tter, on the contraiy, by what is significantly 
called a dead stroke, receive the whole charge 
of motion which belongs to the former, it will 
give to the former, in like manner, the whole 
possession of its quiescence, and the state of each 
will be completely reversed : the ball hitherto at 
rest proceeding with all the velocity of that 
hitherto in motion, and the ball hitherto in 
motion exhibiting the dead stand of that hitherto 
at rest. 

So, if it were possible to plate an orb quietly 
in some particular part of space, where it would 
be equally free from the attractive influence of 
every one of the celestial systems, it would, from 
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the same tendency to inertitude, remain quiescent 
and at rest for ever. While, on the contrary, if 
a body were to be thrown from any one of the 
planets by the projectile force of a volcano, or 
of any other agency, beyond the range of the 
attractive or centripetal power of such planet, it 
would continue the same velocity of motion for- 
ever which it possessed at the moment of quit- 
ting the extreme limit of the planet’s influence ; 
unless in its progress it should encounter the 
influence of some other planet; and in this last 
case it would be either drawn directly into con- 
tact with the planet it thus casually approached, 
or would have its path inflected into a circle, 
and revolve around it as a satellite, according to 
its velocity, and the relative direction of its 
course at the moment the planetary influence 
began to take effect. Thus a body projected 
horizontally to the distance of about 4.S5 miles 
from the earth’s surface, provided there were no 
resistance in the atmosphere, would not fall back 
again, but become a satellite to the earth, and 
perpetually revolve around it at this distance* 
The moon is supposed to have no atmosphere, 
or, at the utmost, one rarer than we can produce 
with our best air-pumps : she is also supposed to 
possess larger and more active volcanos than any 
which are known to exist on the earth. And 
hence it requires no great stretch of imagination 
to conceive that bodies may occasionally be 
thrown from the moon, by the projectile power 
of such volcanos, to such a distance as that they 
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should never return to her surface: for if the 
^omentum be only sufficient to cause the mass 
ejected to jiroceed at the rate of about S,GO() feet 
in the first second of time *, and in a line passing 
through the moon and the earth, such edect 
would necessarily be produced j since, in this 
case, tlie propelled nias'' would quit the centri- 
petal power of the former, and be diawn into 
that of the latter, and would cither become a 
satellite to the earth, or be piccipitated to its 
suifiicc, according astlie icctiluicar force of the 
projectile was equal or ndcjior to the attrac- 
tive Ibiee of the eaith at their first meeting 
together. 

Vi't this is, pciliajis, but little more than the 
velocity with which a twenty-four pound cannon, 
ball would travel liom the moon’s surface . 
since its vclocit}' on the cai ill’s sin face may be 
calculatedat about 2,000 feet fortlu first si'cojui; 
and it would lu.sh neaily four times as i.ipidly if 
not impeded by the n sistance of the atmospiierc. 
And hence it is to this cause that M. Olbcis 
first, and M. Laplace ha, since, ase'ibed the 
origin oft hose wonderful aerolites, or stones, that 
ari' now known to have fallen from the air at 
some period or otlier in every quarter of the 
globe ; lielicving them to be m every instance 
volcanic productions of the moon, thrown by the 
impulse of the explosion beyond the range of her 
centripetal influence. 


* JUaptace, Exposition du bysteme ilu Monde. 
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CoiiEsiBiLiTY is the tendency which one part 
of matter evinces to unite with another part of 
matter, so as to form out of diftbrent bodies one 
common mass. It includes the three modes, 
which have often been regarded as three distinct 
properties, of eriension, density, and impenetra- 
Ulihf. Extension is a term as applicable to 
s})ace as to matter ; “ The eiitension of body,” 
observes Mr. Locke, “ being nothing but the co- 
hesion or continuity of solid, separable, moveable 
})arts ; and the extension ot“space the continuity of 
imsolid, inseparable, and immoveable parts.” 
Hence extension a]>plics to all directions of 
matter, lor its continuity may take place in 
all directions ; but in common language the 
longest exten.-.ion of a body s ' alk'’ its length, 
the next its breadth, and the shortest its thick- 
ness. 

Density is a property in matter to cohere 
with a clost'r degree ol' ap]>roxim:ition between 
the difleront paHicles of v hich »' consists; so 
that the same body, w hen lU the xercise of this 
pioperty, occupies a sraciiei portion of space 
than before it was called into act. Hence den- 
sity cannot be a property of space, the parts of 
which, as I have just observed, arc immoveable, 
and cannot, therefore, either approach or re- 
cede. 

Impenetrability is the result of' density, as 
density is of extension. It is that property in 
matter which prevents tw(» bodies from occupy- 
ing the same place at the same time. They 

VOL. 1. o 
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artj all branches of the conunon px’operty ot 
cohesibility. A wedge of iron, indeed, may force 
• its way through the solid fibres of the ti'unk of a 
ti ee ; but it can only do this by separating them 
from eadi other : it cannot penetrate the matter 
of which those fibres consist. In like manner, 
when a ship is launched, her hulk cannot sink 
into the water witjjout displacing the exact bulk 
of water which existed in the spqce that the hulk 
below the surface now occupies. 

To a cursory survey, however, there are some 
phenomena that seem to show that certain 
bodies are penetrable by others. Thus, if a 
cubic inch of water be mixed with a cubic ineb 
of spirit of wine or sulphuric acid, the bulk of 
the compound will he something less than two 
cubic inches. But m this case one of the fluids 
appears to admit a part of the other fluid into its 
pores ; a fact of“ which there can be little doubt, 
since, if no evaporation be allowed to take place, 
though the bulk of the mixture is somewhat 
diminished, its weight is precisely equal to wliat 
it ought to be. The combination of different 
metals affords, not unfrequeutly, similar instances 
of equal introsusception. 

Divisibility is a power in matter directly 
opposed to its cohesibility. It is that property 
of a body by which it is capacified for separating 
into parts, the union or continuity of which con- 
stituted its extension. 

' Divisibility, however, does not destre^ cohe- 
sion in eveiy instance equally ; though the farther 
^22 
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it proceeds the fartlier it loosens it. We are 
told by Mr. B(^le, that two grains and a half of 
silk were, on one occasion, spun into a thread not 
less than three hundred yards long, which is, 
notwithstanding, a much shorter length than the 
spidfer is capable of spinning his web of the same 
weight. Muschenbroek mentions an artist of 
Nuremburg, who dre\y gold ,wire so fine that 
.500 inches of it only weighed one grain j and 
Dr. Wollaston has obtained platinum wire as fine 
as TtTri7r.>th of an inch. * The thickness of tin- 
foil is about a thousandth part of an inch t ; that 
of gold-leaf is less than a two hundred thou- 
sandth part of an inch ; and the gilding of lace 
is still thinner, probably in some cases not more 
than a millionth part of an inch j and there arc 
living beings, visible to the microscope, of which 
a million million wotdd not make up the bulk of 
a common grain of sand. Yet it is highly pro- 
bable, from what has actually been ascertained 
of the anatomy of minute and microscopic 
animals, that many of these are as complicated 
in their structure as the elephant or the 
whale. 

Gravitation is the common basis upon which 
all the preceding properties are built, except 
passivity } the .great principle into which all the 
rest resolve themselves. Gravitation is the 

* Wollaston in Phil. Trans, for 1813, p.- 1 14. Thomson’^ 
Annals of Philos. No, III. p. 224.' 

f Davy’s Elem. vol. i. p. 379. 
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attraction by which bodies of all kinds act upon 
each other, with a force regulated by the aggre- 
gate proportion of their respective quantities of 
matter, and decreasing as the squares of the dis- 
tances increase. It is a law impressed on mat- 
ter universally, and hence operates alike on*the 
minutest and on the largest masses ; produces 
what we call weight on earth, or the tendency 
of heavy bodies to fall towards the earth’s cen- 
tre j and governs the revolutions of the planets. 
The five principles which regulate its mode of 
action, and constitute its magnificent code of 
laws, a^e thus summed up by M. La Place.* 

1. Gravitation takes place between the mast 
minute particles of bodies. 

2. It is proportional to their masses. 

3. It is inversely as the squares of the dis- 
tances. 

4. It is transmitted instantaneously from one 

bo(^ to another. ’ 

5 . It acts equally on bodies in a state of rest, 
and upon those which, moving within its range, 
seem to be flying oflP from its power. 

To a casual observer there are many sub- 
stances that seem to fly away from the earth, 
and consequently to oppose this general law. 
lOius smoke, when extricated from burning 
bodies, and vapour, when separated from liquids, 
ascend into the atmosphere ; and a piece of cork, 
plunged to the bottom of a vessel of water, rises 


^ Exposition du Systfime dii Monde, 
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rapidly to the surface. But, iu all these phaeno- 
raena, the bodies that seem to move upwards 
merely give way to bodies of a heavier kind, or, 
in other words, which have a stronger tendency 
towards the earth. Thus smoke and vapour 
only ascend, because the surrounding air, which 
is heavier than these, presses downwards and 
takes their place j and the cotk rises because 
lighter than the water into which it has been 
plunged : but empty the vessel, arid the cork 
will remain at the bottom, because heavier than 
the surrounding air ; and let the smoke or the 
vapour be received into a vacuum, and it will 
remain as much at the bottom as the. cork. 

It was first syst^atically demonstrated by 
Sir Isaac Newton, that all the motions of all the 
heavenly bodies depend upon the same power j 
and the principle thus struck out hasof lateryears 
been still more extensively and. oven more accu- 
rately applied to a solution of the most compli- 
cated phsenomena. This principle in astronomy 
is denominated the centripetal force, and the 
term is sufficiently precise for all common pur- 
poses; since, although, speaking with perfect 
strictness, the central pdint-of no solid substance 
is the actual spot in which its attractive power . 
is chiefly Igdged, yet it has been abundantly 
proved by Sir Isaac, that all the matter of a 
spherical body, or a spherical surface, may, in 
generally estimatipg Its attractive force on other 
matter, be considered as collected in the centre 
of such sphere. And hence, as all the celestial 

G 3 
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bodies are nearly spherical, their action on 
bodies at a distance may be held the same 
as if the whole of* the matter of which they 
consist were condensed into their respective 
centres. 

To what extent in the heavens the power of 
gravitation ranges it is impossible to determine j 
there can be little doubt, however, that jt ex- 
tends from one fixed star to another, .although 
its effects are too inconsiderable to be calcu- 
lated by man. It may possibly influence the 
progressive motion of several of the stars, and, 
as I had occasion to observe in a preceding 
lecture, is . the cause to which Dr. Herschel 
ascribes the origin of the material universe, 
which he supposed at one time, though he seems 
afterwards to have modified his opinion, as we 
shall notice in our next study, to have issued 
from an immens.e central mass' of matter, pecu- 
liarly volcanic in its structure, and to have been, 
consequently, thrown forth in different quan- 
tities, and at different times, by enormous explo- 
sions; each distinct mass, thus forcibly propelled, 
assuming, from the common law of projectiles, 
an orbicular path, and endowed yith the com- 
mon property of the parent body, ejecting iq 
like manner minuter masses at different periods 
of time, which have equally assumed the sapie 
orbicular motion, and ultimately become plpnets 
to the body from which they have immediately 
issued, and which constitutes tlieir central sun. 

To produce such an effect, however, and .in 
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reality to jiroduce any ol’ the motions which 
occur to us in the celestial bodies, the passivite- 
of matter is just as necessary as its gravitation. 
I have already' observed that, owing 'to its pas- 
sivity, or VIS INERTIA, matter has a tendency 
to persevere in any given ^state, whether of 
motion or of rest, till opposed by some exterior 
power; and that the path it assumes must 
necessarily be that of a right line, unless the 
power it encounters shall bend it into a different 
direction. • A projectile, tlicrefore, as a planet, 
tor example, thrown forth from a volcano, would 
travel in a right line for ever, and with the exact 
velocity with which it was thrown flgrth at first, 
if' there were nothing to impede its progress, or 
to alter the course at first given to it. But the 
attraction of the volcanic sphere from which it 
has been launched does impede it,|^nd equally 
so from every point of' its surf'ace: the conse- 
quence of which must necessarily be, that every 
step it advances over tlie parent orb it must be 
equally drawn back or reined in, and hence its 
rectilinear path must be converted into a curve 
or parabola, and a tendency be given to it to 
escape in this line, which may be contemplated 
as a line of perpetual angles, instead of' in a 
direct- course ; aud as soon as the projectile or 
planet has acquired the exact point in which the 
two antagdnist powers precisely balance each 
other— the power Of flying off from the centre, 
communicated to it by the volcanic impulsion, 
aud which is denomiuaied its centrifugal 

<; ii 
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FoncE, and the power of falling forward to the 
centre, communicated by the attractive influence 
of the aggregate mass of matter which the pa- 
rent sphere contains in itself, and which is called 
its CENTRIPEDAL FORCE — it will have reached its 
proper orbit j and, through the influence of this 
constant antagonrsm of the two properties of 
passivity and gravitation, of a centrifugal and 
centripedal force, persevere in the same to the 
end of time. 

Of the immediate cause of gravitation, or the 
nature of that power which impels different 
bodies to an union, we are in a very considerable 
degree of ignorance j or rather, perhaps, may be 
said to know nothing at all. It is necessary, 
however, to notice one very singular pbmno- 
menon concerning it, and to give a glance at two 
out of various theories by which gravitation has 
been attem^ed to be accounted for. 

The phacnomenon is, that although, owing 
to this power, all bodies have a tendency to 
come into contact, they never come into actual 
contact} some kind of pore or open space being 
still left between the corpuscles of bodies that 
approach the nearest to each other. Thus, a 
plate of heated iron, solid as it appears to be, 
and altogether destitute of pores, becomes con- 
tracted in every direction by cold. So, too, as I 
have already observed, equal measures of water 
and alkohol, or of water and sulphuric acid, have 
their bulk sensibly diminished. In like manner, 
Newton has remarked, that when two plates of 
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glass are within about a ten thousandth part of 
an inch of each.othfir, using fine metallic plates 
as a micrometer on this occasion, they support 
each other’s weight as powerfully as if they were 
in actual contact, and that some additional 
force is requisite in order to make them approach 
still nearer. Nor is the force necessary to pro- 
duce this effect of trivial moment: Professor 
Robison has calculated it, and has ascertained 
by experiment that it is equal to a pressure of 
about a thousand pounds for every square inch 
of glass. Airis not necessary to this resistance, 
for it is equally manifest in a vacuum j yet it is 
a very curious fact, that under water it almost 
entirely disappears. It is, however, highly pro- 
bable that the contact is never perfect, otlier- 
wise the two plates might be expected to cohere 
in such a manner as to become an individual 
mass. 

It is hence clear that matter, from some cause 
or other, is possessed of a repulsive as well as 
of an ATTRACTIVE forcc } and that, like the latter, 
although its law has not been hitherto exactly 
ascertained, it increases in a regular proportion 
to its decrease of distance, or, in other words, as 
bodies approximate each other. 

It h&s hence been said, and this is the common 
theory of those who regard gravitation as an 
essential property of ntatter, that matter is 
universally endowed with two opposite powers ; 
by the one of which material substances attract 
each other and induce a perfect union, and by the 
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otlier of which they repel each other when tliey 
arc on the point of union » and prevent a pertect 
contact. It is admitted, however, on all liands, 
and is indeed perfectly clear ill itself, that the 
repulsive power is of an almost infinitely les# 
range than the attractive. J have supposed the 
attractive power, or that of gravitation, to operate 
from world to world j yet the r^ulsivc power 
can never be. exerted, except “ between such 
particles as are actually, or very nearly, in contact 
with each other ; . since it requires no greater' 
pressure, when acting on a given surface, to 
retain a gallon of air in the space of half a 
gallon, than to retain a pint in the space ol‘ half 
a pint, which could not possibly be, il* the par- 
ticles exercised a mutual repulsion at all possible 
distances."* 

This idea, howeve'^ of double and opposite 
po]wers co-existing in the same substance, and in 
every corpuscle of the same substance, has been 
onitbrmly felt difiicult of admission by the best 
and gravest philosopliers; and hence Sir Isaac 
Ne\t^ton, while allowing the repulsive power of 
matter, which in truth is far more obvious to 
our senses in consequence of its very limited 
range, has felt a strong propensity to question 
gravity as forming an essential property of mat- 
ter itself^ and to account for it from another 
source. To show,” says he, that I do not 
take gravity for an essential property of bodies, I 
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have addkl one question concerning its cause, 
choosing to propose it by way of question, because 
I am not yet satisfied about it, for want of ex- 
periments.”'* In this question he suggests the 
existence of an etherial and elastic medium 
pervading all space ; and supports his supposition 
by strong arguments, and consequently witli 
much apparent confidence, deduced from tlie 
mediums, or gasses, as they are now called, of 
light and heat, and magnetism, respecting all 
which, from their extreme subtilty, we can only 
reason concerning their properties. This elastic 
medium he conceives to be much rarer within 
the dense bodies of the sun, the stars, the planets, 
and the comets, than in the more empty celestial 
spaces between them, and to grow more and 
more dense as it recedes from the celestial bodies 
to still greater distances ; "by which means all of 
them, in his opinion, arc forced towards each 
other by the excess of an elastic pressure. 

It is possible, undoubtedly, to account for the 
effects of gravitation by an etherial medium thus 
constituted j provided, as it is also necessary to 
suppose, that the corpuscles of such a medium 
are repelled by bodies of common matter with a 
force decreasing, like other repulsive forces, 
simply as the distances increase. Its density, 
under these circumstances, would be every where 
such as to produce the semblahce of an attrac- 
tion^ Varying like the attraction of gravitation. 


* Opticib, pref. to the second edition. 
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The hypotheais in connexion with the existence 
of a repulsive force in common matter has a 
great advant^e in point of simplicity, and may 
perhaps hereafter be capable of proof, though at 
present it can only be regarded, and was at first 
only offered, as an hypothesis. 

M. La Place, equally dissatisfied as Sir Isaac 
Newton with the idea of gravitation being an 
essential property of matter, passes away from 
the enquiry with suitable modesty, to practical 
subjects of far higher importance, and which 
equally grow out of it, in whatever light it is con- 
templated. “ Is this principle,” says he, “ a 
primordial law of nature? dr is it a general effect 
of an unknown cause ? Here we are arrested 
by our ignorance of the nature of the essential 
properties of matter, ^nd deprived of all hope 
of answering the qTOstion in a satisfactory 
manner. Instead, then, of forming hypotheses 
on the subject, let us content ourselves with 
examining more particularly the manner in which 
philosophers have made use of this most ex- 
traordinary power.”* 

There is, indeed, one very striking objection 
to Sir Isaac Newton’s suggestion, and which it 
seems very difficult to repel. It is, that though 
it may account for the attraction of gravitation, 
as a phenomenon common to matter in general, 
it by no means accounts for a variety of par- 
ticular attractions which are found to take 

* $xpQsiUou da SysU^me du Monde, lib. iy. ch. xv. 
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place between particular bodies, or bodies par- 
ticularly circumstanced j and which, excepting 
in one or two instances, ought, perhaps, to be 
contemplated as modifications of gravitation. 

Upon these particular attractions, or modes of 
attraction, including homogeneous attraction, or 
the attraction of aggregation, heterogeneous 
attraction, or the attraction of capillary bodies, 
elective attraction, and those of magnetism and 
electricity, each of which is* replete with pheno- 
mena of a most interestihg and curious nature, 
I intended to have touched in the present 
lecture, but our limited hour is so nearly expired, 
that we must postpone tlie consideratiftn of them 
as a study for our next 'meeting. Yet it is not 
possible^ to close *tlie observations which have 
now been submitted, .without testifying oiir 
gratitude to the memor/hf that transcendant 
genius whom, the. providence of the adorable 
Architect of the universe at length gave to 
mankind six thousand years after its creation, to 
unravel its regular confusion, alld reduce the 
apparent intricacy of its laws to that sublime 
and comprehensive simplicity which is the peer- 
less proof of its divine original. 

It, has been said, that the discovery ol‘ the 
universal law which binds the pebble to the 
earth, and the planets to the sun, which con- 
nects stars with stars, and operates through in- 
finity, was the*result of accident. Nothing can 
be more untrue, or derogatory to the great dis- 
coverer himself. The earliest studies of Newton 
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weie the harbiuger 'of his future fattie : his 
mighty mind, that comprehended every thing, 
was alive to every thing ; the little and the great 
were equally the subjects of his restless re- 
searches: and his attention to the fall of the 
apple was a-mere link in the boundless chain of 
thought, with which he had already been long 
labouring to measure the phenomena of the 
universe. 

Grounded, beyond all his contemporaries, in 
the sure principles of mathematics, it was at 
the age of twenty-two that he first applied tKe 
jFterling treasure he had collected to a solution 
of the syl|em of the ^orld. The descent of 
heavy bodies, which he perceived nearly the 
same on the summit of the loftiest meuntains 
‘dtid on the lowest s^fece of the earth, sug- 
gested to him the idea that gravjty might pos- 
•mbiy extend to the moon $ aftd that, combined 
with some urojectile motion, it might be the 
cause, of the moon’s elliptic orbit round ’the 
earth : a sug^stion in which he was instantly 
confirmed by observing, that all bodies in their 
fall describe curves of some modification or 
other. * And he further conceiyed, that if the 
moon were retained in her orbit by her gravity 
towards the earth, the planets must also in all 
probability be retained in their several orbits 
by their gravity towards the sun. 

To verify this sublime conjecture, it was 
necessary to ascertain two new and elaborate 
positions : to determine, the law of the progres- 
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sive diminution of gravity* and to devoJbpe llu.* 
cause of the curves or ellipses of falling bodies. 
Both these desiderata he accomplished by a 
series of reasonings and calculations equally 
ingenious in their origin and demonstrative in 
their result ; and ascertained the truth of his prin- 
ciples by applying them, practically and alter- 
nately, to the phenomena of the heavens, and 
to a variety of terrestrial bodies. 

Tlie bold and beautiful theorem being at 
length arrived at, and unequivocally estalj- 
lished — a theorem equally applicable to tin* 
minutest coi puscles, and the hugest aggj'Cga; 
tio'us of matter, — that all the particle# of matter 
atti’act each other directly a.s their mass, and 
inversely as the square of their distance, he at 
once beheld the cause of those perturbations ol*' 
motion to which the .hea^Htly bodies ai'c neces- 
sarily and sq‘ perpetually subject : it became 
manifest, that the planets and comets, recipro- 
cally acting and acted upon, must deviate a little 
from the laws -of that perfect ellipse which they 
would precisely follow if they had only to obey 
the action of the sun : it was manifest, that the 
satellites of the different planets, exposed* to the 
complicated action of the gun, and of each 
other, must evince a similar disturbance : that 
the corpuscles which composed the different 
heavenly bodies in their ■ formation, perpetuall}' 
pressing towajrds one common centre, must 
necessarily have produced, in every instance, n 
spherical mass : that their rotatory motion must 
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at the same time ha\'e rendered this ^herical 
figure in some degree imperfect, and have flftt* 
tcned these masses at their poles ; and, finally, 
that the particles of immefise beds of water, as 
the ocean, easily separable as they are from each 
other, and. unequally operated upon by tW sun 
and the moon, must evince such oscillations 
as the ebbing and flowing of the tides. The 
origin, progress, and perfection of these splendid 
conjectures, verifications, and established prin- 
ciples, were communicated in twp distinct books, 
known to ev'ery one under/ the titles of his 
“ Principia’* and his “ Optic/ j” — books which, 
though not actually inspired, fall j^ut httle short 
of inspiration, and have more v-ontributed to 
exalt the intellect of man, and to display the 
perfections of the Deity, than any thing upon 
which inspiration has ‘hot placed its direct and 
awfhl stamp. 
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LECTURE V. 

os THE PHOmiTIES OF MATTER, ESSENTIAL AND 
PECULIAR. 

(Tlic “(Ubject continued.) 

We closed our last lecture with remarks on the 
universal operation of the counnon principle of 
gravity '‘ver matter in all its visible Ibrms, from 
the ininStcst shapes developed by the micro- 
scope, to the mightiest suns und constellations 
in the heavens. But we observed, also, that 
independently of this universal and essential 
power of attraction, matter possesses a variety 
of peculiar attractmns dependent upon circum- 
stances of limited influence, and which con- 
sequently render such attractions themselves of 
local extent. 

These I will now proceed to notice to you in 
the following 'order : 1st, The attraction of 
homogeneous bodies towards each other, which is 
denominated, in chemical technology, the attrac- 
tion of aggregation: 2dly, The attraction of 
heterogeneous bodies towards each other, under 
particular circumstances, which in its more 
obvious cases is denominate.d capillary attrac- 
tion : 3dly, The attraction of bodies exhibiting 

VOL. I. H 
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a peculiar degree of affinity to each othei, 
and which is denominated elective attraction : 
4th ly. The attraction of the electric i^uid ; an cl, 
5thly, That of the magnetic. 

I. The law of physics which has rendered 
every material substance capable of ^ttrsxcting” 
and bejng attracted by every other material 
substonce seems at the same time to have pro- 
duced this power in a much stronger degree 
between substances or like natij^es. Thus, 
drops of Water placed upon a plate of dry glass 
have a tendency to unite, not only when they 
touch, but when in a st^te of vicinity to each, 
other ; and globules of quicksilver still more so : 
and it is this kind of attraction which is called 
the attraction of aggregation. And in both these 
cases the attraction in ^uestion,evinces a consider- 
able superiority of force to the general attraction 
of gravitation ; since the particles of the drops or 
globules ascend from the surface of the glass, 
except those that form their narrow base, and 
are drawn towards their proper centres, instead 
of being drawn towards the centre of the earth. 

If, however, the. convex shape of the drop of 
water be destroyed by pressing it’over the glass 
into a thin extended film, the general attraction ' 
of gravitation, acting with increased effect upon 
an increased space, will overpower the indivi- 
dual attraction of aggregation, and the particles 
of water will be restrained from attempting a 
spherical figure as before. In the quicksilver, 
nevertheless, the attraction of aggregation being 
9 
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much stronger than in- the water* it will still 
continue to prevail ; .and it is only by a' very 
minute and, elaborate division of the particles of 
this material that we can give to the attraction 
of gravitation a predominancy. 

The same result oqcurs in the homogeneous 
particles ol’ oil. And hence, if we divide its 
particles by shaking a certain portion of it in 
water, we find, upon giving the mixture rest, that 
the water wiJl .first^sink to the bottom, or, which 
Is the same thing, the particles of the oil will rise 
totlie surface 5 and tlien that- these particles, as 
soon as -they have reached the range of’ each 
other’s attraction, will unite into one common 
body. 

Now, in all these cases it is obvious that the 
particle? of matter thus pbeylng.the law of homo- 
geneous attraction assume or attempt to assume 
a sp^ierical figure j and we not unfrcquently 
perceive a,simila|- attempt, even where the 
breadth of the surface, and the consequent 
potency of the attraction of gravitation, would 
hardly, induce us to expect that there could be 
the least effort towards it : as, for example, in a 
glass brim-full, or somewhat more than brim-full 
of wine, or a>iy other liquid. 

We behold the -same figure in the drops of 
ram as they descend from the clouds ; a figure 
which, in fact, is the sole cause of the vaulted 
forift of the rainbow, as I may possibly take leave 
to explain more particularly on some future 
occasion. We behold it in reality throughout 
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all nature, in every substance whose particles ai e 
Capable of uniting and separating with ease ; 
and, consequently, of I'eadily obeying the laws 
of cohesibility and divisibility, as those of 
liquids ; and we should see it equally in solids, 
but that the particles of these last are incapable 
of doing readily either the one or the other. 

What, then, is the general cause that produces 
so general an ellect ? Clearly this : a cause to 
which J have already in some* degiet' adverted, 
in speaking of the general attraction ot gravilu- 
tion; that, there being an equal tendency in 
eve.ry panicle of homogeneous bodies to jiress 
togctluM, they must ])iess equall} lowaids one 
comino.i centre, and strive to be as little remote 
from that Centre as j(o>sible. Such a strife, 
however, must necessarily juoduee a globulai or 
spherical form ; for it is in such a 'oim onl y that 
the extreme particles, or thoM* ev>ii'-titunj''_> its 
surface, and which arc preventcil fioni a * losei 
approach by tliosc that lie within, are equally 
near and equally remote in every ihieetion 
lienee, thcii, the cans'- of the ehihular tiguii- 
of drops of quicksilver, drops of viator, dinps of 
rain, and drops of dew, collected and su.sficudcd 
from the fre&b leaves of plants in ‘he balmy ait 
of the morning : and heuee one reason, though 
there is also another that concurs with it, and 
which I shall explain presently, for the convex 
shape assumed by a wine-glass of liquid of any 
kind, on its surface, when brim-full, or somewhat 
more. 
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Tlie same reasoning may be applied to ac- 
count for the spherical figure of the heavenly 
bodies ; each of which, though probably com- 
posed of many different or heterogeneous sub- 
stances iu itscdf, may be fairly contemplated as 
a homogeneous mass when compared with those 
by which it is surrounded ; and hence, too, we 
see the necessity for their having at first existed, 
irorn some cause or other, iu a fluid state ; since, 
otherwise, the different corpuscles which enter 
into tlicir make could not have assumed that 
symmetrical arrangement which alone gives 
sphericity to the total bulk. ’ 

We have equal proofs of the same peculiar 
attraction csisting bctw'een solid bodies, though 
the proofs are not so common ; since, us J liavc 
just observed, the {(articles of solid bodies have 
less power of movement, and, consequently, of 
adaptation to each other, than those of liquids. 
Thus, two plates of lead, whose opposite surfaces 
correspond so exactly that every particle of each 
suiface shall have a bearing upon the particle 
opposed to it, when once united by pressme, 
assisted by a little friction, cohere so powerfully 
as to require a \ cry consiilerable force to separate 
them. And it may be shown, dither by measuring 
this force, or by suspending the lead in the 
vacuum of an air-pump, that the pressure of 
the atmosphere is not materially concerned iu 
producing this effect. A cohesion of this kind 
is sometimes of practical utility in the arts ; 
little oriiamenls of laminated silver remaining 
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attaoiied to iron or steel, with which they have 
been made to connect themselves by the powerful 
pressure of a blow, so as to form one mass with 
it. And it is now a well known fact, and of a 
most curious nature, that one of the causes by 
which eight-day clocks go at times irregularly, 
and monthly clocks, whose weights are much 
larger and heavier, often amounting to not less 
than tliirty pounds, stop suddenly, proceeds from 
the attraction which takes place between their 
leaden' weights and the leaden ball of the pen- 
dulum, when the weights hat e descended just 
so low as to'be on a level, and, consequently, very 
nearly in a state of contact, with the pendulum- 
ball. And hence tlie reason why both these 
‘ kinds of clocks, if the pendulum have not 
actually stopped, seem gradually, a few days 
afterwards, to recover their former accuracy } 
the attraction diminishing as the distance once 
more increases. • In like manner, Studor re- 
marks that beams of steel become sometimes 
erroneous by acquiring magnetic polarity, t 
It is by the same means that the greater 
number of rocks seem to be produced that enter 
into the substance of the earth’s solid crust. The 
lowermost of these, as I shall have occasion to 
observe in an ensuing lecture, are united by an 
intimate crystallization, which is the most perfect 
form of aggregate or homogeneous attraction 


' lU'ul, it) Nicholson's Journal, vol. xxxiii. p. 92, 
t Gilb..vm. 134. young’s Nat. Phil. ii. 159. 
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that can exist between solid bodies, and jiehich 
must have commenced while such -bodies were 
in a fluid state. Some of the upper kinds or 
families are united by a particular cement, 
which is nothing more than a substance possess- 
ing a peculiar attraction, or, if I may be allowed 
the expression, physical partiality to the rudi- 
mental corpuscles of which the rock consists ; 
and others by nothing more than the law of 
aggregation or homogeneous attraction in its 
simplest state ; whence earths unite to earths in 
consequence of mutual approximation, assisted 
by their own or a superincumbent pressure, in 
the same manner as I have just stated that 
plates of lead or otlier metals unite to metals. 

II. But there are substances that are unlike in 
THEIR NATURE, as soUds and fluids, for instance, 
that under particular* circumstances arc often 
found to exhibit a mutual attraction j whence 
this mode of union is called heterogeneous 
ATTRACTION, and, from its occurring most pal- 
pably between liquids and solid substances 
possessing small capillary or hair-tubes, capil- 
lary ATTRACTION. 

The cause of this attraction is obvious ; and it 
is still more clearly a mere modification of the 
general attraction of gravitation, than the pre- 
ceding power of homogeneous attraction. It is 
the common attractive property of material sub- 
stance for material substance ; the liquid, or that 
whose particles are easily separable, pressing 
towards the solid, whose parts are by any action ol 

H 4 
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their own altogether inseparable. Hence the rea- 
son why water or any other Jiqiiicl hangs about the 
sides of a wine-glass : hence, partly, the reason 
why awine-glass, when somewhat more than brim- 
full of a liquid, does not overflow j the co-operative 
reason being, as I have already stated, the hotno- 
geneiftis attraction of the corpuscles of the fluid 
for each other, which prevents them from sepa- 
rating readily ; and hence also the reason why 
a liquid contained in a narrow-necked and in- 
verted phial does not obey the common attrac- 
tion of gravitation, and fall to the earth, although 
the stopper be removed to allow it, till we aid the 
power of gravitation, or rather loosen the power 
of the peculiar attraction, by shaking the jfliial. 

In this last case it is manifest ihtrt the hetero- 
geneous attraction, or that between the two 
different substances, is stronger than the common 
force of gravity. In minute capillary tubes or 
pores this is still more obvious. Such are the 
pores of a piece of sponge, when pressed or 
softened, so as to become more pliable to the 
action of water or of any other liquid within its 
roach. For, in this case, the water being mi- 
nutcly divided by the pores of the sponge into 
very small portions, and still surrounded by the 
pores in every direction after such division, has 
its common force of gravitation and its peculiar 
force of bonaogeneous attraction equally over- 
powered ; and nscepds from the surface of the 
earth, instead of descending to it, or uniting 
into a •spherical form; and the same kind of 
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pores, and, consequently, the same kind of power, 
being continued to the upmost height of the 
sponge, it will rise to the full extent of its 
column. The tubes of various imperfect crys-- 
tals, as tliose of sugar, for example, are still 
smaller; and hence the lateral attraction, must 
be still stronger ; anil any liquid within its reach 
will lise both higher and more freely, till the 
sugar at length becomes dissolved, and, conse- 
quently, its pores are totally destroyed. Tlic 
cause of capillary attraction is therefore obvious ; 
and the reasoning and phicnomena now sub- 
mitted may be applied to an explanation of 
every other species of the same kind that may 
occur to us. 

III. The third particular attraction I have 
noticed, is that of peculiar bodies for peculiar 
BODIES, and which has hence been denominated 
elective or ciieiuical attraction ; as the tenden- 
cies they have to each other havobeen denominated 
APFiNiTiES. Thus lime has a strong affinity for' 
carbonic acid, and greedily attracts it from the 
atmosphere, which hence becomes purified by 
being deprived of it. But the same substanco 
has a still stronger affinity for sulphuric acid, 
and hence parts with its carbonic acid, which 
flies off in the form of gass, in order to 
unite with the sulphliric whenever it has a 
possibility of doing so. It is highly probable that 
this kind of attraction is also nothing more than 
a peculiar modification of that of gi^’avitation, 
more select in its range, but more active in its 
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powei . To trace out the various substances that 
are possessed of this peculiar property, and to 
measure the degrees of their affinities, is one 
of the chief branches of chemistry, but of too 
voluminous a nature to touch farther upon at 
present. 

IV. V. The two remaining kinds of attractiop 
to which 1 have adverted, those of electricity 
and of magnetism, are still more select, and per- 
haps still more powerful than even the pre- 
ceffing ; but the phenomena to which they give 
rise cannot, I think, be attributed to any modi- 
fication of a gravitating etherial medium. We 
call the medium in both these cases a fluid, but 
we know little or nothing of the laws by which 
tliey are regulated j whether they be difierent 
substances, or, according to M. Ampore, the 
sdme substance under different modifications, or 
whether, in reality, they be material substances 
at all. They are ^certainly deficient in the most 
obvious properties of common matter, and may 
be another substrate of being united to it. 

There are also two other substances, or which 
are generally conceived to be substances, in 
nature, of a very attenuate texture, which largely 
contribute to the changes of material bodies. I 
mean light and heat, of the general nature of 
which we are still also ift a considerable degree 
of ignorance. Like the powers of magnetism 
and electricity, we only know them, and can 
only reason concerning theuj, by their effects. 
These effects, indeed, arc or a most curious and 
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interesting character, but spread too widely to 
be followed up iti the course of the present 
lecture, though we may endeavour to pursue 
them, and, as far as Y13 are able, to develope 
them, hereafter. 

All these four powers or essences, for we )tuow 
not which to call them, concur in exhibiting none 
of the common properties of matter ; their respec- 
tiveparticles repel each other at least as powerfully 
as they attract, and in the cases of light and heat 
repel alone, and without attracting. They may, 
possibly, be ponderable ; but if so, we have no 
instruments fine enough to detect their relative 
weights ; and we are hence incapable of deter- 
mining, as I took leave to observe on a former 
occasion, whether they be matter at all, whether 
mere properties of matter, or whether modifica- 
tions of some etherialized and incorporeal sub- 
strate, combining itself with the material mass, 
and exciting many of its most extraordinary 
phaenomena. It is at present, however, very 
much the habit to generalise them into one com- 
mon origin ; and to conceive the whole as modi- 
fied results of matter, or of the gravitating pro- 
perty of matter. Thus, the attractive powers 
of chemical affinity and of electricity are identi- 
fied in the following passage of Sir Humphry 
Davy’s valuable “ Elements of Chemical Philo- 
sophy:” — “Electrical effects are exhibited by 
the same bodies when acting as masses^ which 
produce chemical phsenomena when acting by 
their particles; it is not improbable, therefore, that 
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the primary cause of bolh maybe the same.”'' 
And m like manner, in an adjoining passage, he 
‘suggests that all the various properties or es- 
sences that have thus fi»r passed in survey befor<' 
us may be nothing tiftore than the general 
attractive power of matter, though he admits 
that at present we are incompetent to determine 
upon the subject. “With regal’d to the gieat 
speculative (piestioris, whether the electrical 
pha'‘nomena depend ujion one tluid in erccss in 
the bodies positively electrified, and in dcficicna/ 
in the bodies negatively electrified, or upon two 
different fluids capable by their combination of 
producing heat and light, or whether they may 
be parlicular e.rcr lions of the genera! all rae live 
poxeer of mailer^ it is perhaps impossible to 
decide, in the present imperfect state of oiu 
knowledge.” t 

And hence, heat, in llie view of Sir linmphry 
Davy, (^oiint Iliimfoul, and vaiioiis other jnstiv 
celebrated chemists and philosophers of the jne- 
sent da) , coincidontly with the doctrine of the 
Peripatetic school, is a mere propert)'^ of" matter, 
and not a substance sni gemnis, as was contended 
for b) the Epicureans, m opposition to tlu' dis- 
ciples of" Aristotle, and is contended for by the 
disci[)les of IJoerhaave, Black, Crawford, and 
most of the chemists of oiir own times. 'J'he 
cause of heat, among tho'-c who deny it a sub- 
stantive existence, consists in a vibrating motion 
of the constituent particles ol\thc heated body, 

Llcut» p. If) I, IGj \\ Kl. p l/f). 
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loo rapnl to be traced b\ the eye. And as it in 
known to every one thiit boibes in general, as 
the} bet'onic lieated, occupy a larger space, and 
ha\e thyir particles more widely lepellcd and 
se})arat(“d tiom each other than in a coldei tem- 
perature, it has ot‘ late become a tavoiirite doc- 
tune that the vepulsixe ppw’( r, which in oni* last 
lecture we noticed to exist throughout matter, 
dejieuds altogether upon the jiroperty of heat, 
■in consequence of whfeh Sir Humpliry Davy 
uses heat and caloytii- lepiihiicfti synonyilio^ 
terms, and hertce n’gitrds lieajt^and 
or geneial attraction,*asIifttagolii«f |)owers. t 
1 hci e i^^imich ])IadVibl« reftsoiu^|!tri<bw' lajjft 
in fa\our of ‘tlii'» hypothesis. It \viliiifeits' 
accoimt (br'many, pei baps ino&t, of thftiqilllptlli) 
inena* which acctiinipany bodies'in llicll 
from one teiWpeiature to anothci, ptJslHilJwi 

of the substantive form of heaf, and has sdune 
advantage in ])oint of •simplientv ; but it is 
opposed by a vaiiety of (acts of so slubboin and 
intractable a natuie, that no ellbits of ingenuity 
Jiave hitherto been capable of bending them into 
the service of the new doctrine. [ observed, 
for instance, in our last lectiue, that when two 
plates of glass aie within a ten thousandth jiarl 
of an inch of each other, they cannot be made 
to ap{)roacb nearer vvithouL a strong adihtional 
pressure. 1 obseived, farther, that Professor 
Kobison Has calculated the extent of tins pres- 
suie from actual experiment, and linds it amoniil 
to not less than a thousand pounds wemht fi r 
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«''(!> J1k)i 0< tli(' ul'l-'''- 

u'-^isl.nirp oi rcjMilsiu* pu'un hctwti'n (Ik (wo 
pi lies ol j>l.iss (.ilvc'v }(Jac '0 equally umlej an an 
j)iun|) aiui in tlie lulli ■>( e\po>,ni(*lo llu* an of the 
atino^plieie. bii( it aj)[>e,U‘' tf» cease iimlej w’ater. 
iJy what cayio the lepiiision is o\(itctl sm the 
two loiniei nis< nu es,()i disaj)})ea!-, in (he hittei, 
we know not , lm( i( ifocs not seem pO'Sible Joi 
all} ingej\ui1} ot aiunnnnt (o (onneet tins 

{ cijqwii with butt, win thei legaiiled as, 
lice i»> 4 wet.ir propi'i 1} . 

l^]»Jcl^ umlonbti ill} makes tne 
i 4«op.jepeV«act» olhei, 'O that giviai 
* tioeujJty a Igigev space — makei 

oi ai bail c^}, yn ),h‘6 < oiitialiA, 
ipjUjJi .qtlioi into afipioMnijiiion, 

fir ciJjPbideuibiY to lcsM.*ft its lUmensions , 
fU e(mi,it o( lb’s(«caUai ]ntyieit> 
t?hsi|'^i .%’etlm woqj^selecti d thw lai>t uialeiia! <oi 
(IJiC j^urpose of /ouiuug.iu' celcibi ati d p} loi'ielti , 
1)1 nistrumeiit foi ine.isufui^ intense heat'-, tin. 
im.(i 'a' id the htai hemp nuiRated bv (In. 
deiMMscol (Ik nues of ela\. 

*So watu, at about )‘J ol Fflneiiheit which 
loiiU'. ii> liH dtuin ol ilensHi, begins to expand 
tipim i xposine to Jieat, and eonlin nes to expand 
in piojxaDoM as .(ddmon.il licit isajiphedj but 
bi low Id !l becoisto expand abo, upon expo- 
lui to Cold, and eontimn s f o t xpaiui in tin \eiy 
ainc latio upon the app'ualion ol iddilional 
ohi, till at Cd it fieives and beeomes tixt. 
/lie iinons plmionienon has mxii lieen 
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accounted for. If calorific repulsion produce ( i n 
expansion above 4*2°, what is it that produces 
the same efiect below ? We can, perliaps, explain 
liie cause of the expansioti during the act of 
freezing, 'from the pecadiar shape of the crystals, 
which the water assumes ia tlie act of coiisoli-. 
dating ; hut tins explanatioii will in no respect 
apply to tile expansiou of tlie water when it 
iX'aclies the freezing point, in this curious and 
unillustrated fact cold apfiears to bp as nmcli 
cntitUal to the character oj' 5 ;!.. repulsive jiowef^fs, 
Sieat. 

For these and mnnerousi otiser reast^ns, diere- 
tlire, iieat is even at tlve,pres,|;nt tno^iiipili n^i^ilys. 
rt'garded, nobas a m^re (piality of bo(|^_prQ 4 ^il^ 
by intjjrnal vdbratioiij ynitl ibrniing an 3 ptag(||fi^. 
power to the attraction of colu-vsi^n, 
distinct and iudejiendent substance, 'i^bf 
of heat are. various, tliougb by far ti|ie prineipaf 
reservoir tbroiighout the vthole, solar system is 
ibe sun himself which Dr, Ilerschel believes to 
be perpetually secreting tlie matter of beat front 
fllost: dark and discoloured parts on its surface 
whicli wc call spots, by many astronomers re- 
garded as volcanoes, and many of wliich are 
larger than, and some of them five or six times 
as large as, the diameter of the earth i 'I'hi.s 
material Dr. Herschel supposes to be fii stthrow'n 
off in the form of an atmttspbere, and aftei’wards 
this atmosphere to be diffused in every direction 
through^ the whole range of the solar empire ; 
and, in tlie Pliilosopiiical Trao.'ractions for IRtH, 
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he lias eudoavouretl to show that the variation in 
the lieat of dHlerent years is owing to the itioie 
or Ie» copious supply of fuel which such spots 
communicate. 

This opinion I at present meioly glance atj as 
it is nny intention on a fujture occasion to examiuo 
its validity, as W'dl as to trace out the otlier 
sources from whicli heat is deiived, an(^ to take 
a survey of the laws by which it is regulated. 
It ^ill ibrfti a progressive part of that investiga- 
tion to follow up tha general nature of light j 
tp jiliy th#4uestiiUP vrtiether it be a substance or 
d ptOj^erty } and^if a substance, whether distinct 
Oiodihcation of heat. I shall at 
oj||r Observe, in pneof the latOst 
op^ippna of die philosopiier |o.whom 1 haye just 
it* is not only a substance, but the 
spip^Qe,iC||^aU visible substances, and the basis of 
hll ,yroslds. 

Bf. Herschel hdsi recently taken great pains 
to prove, but with no small degree of repugnancy 
to.a former hypothesis of his, that the luminomt. 
fluid which so often appears in the heavens on’a 
bright night, and shoots streaks athVart them, 
is ditfused light, existing independently of suns 
or Stars, though perhaps origitfally thrown fortli 
from them; another kind of etherial matter 
being sometimes united with that of light, and 
hence rendering it at times capable of opacity* 
In this diflhsed state he calls every distinct mass 
a nebulosity ; he conceives all its particljps to be 
subject to the common laws of gmvitatioo, or 
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\he centripetal force ; and that certain circura- 
fltances* unknown to us, may have occasionally 
produced a nearer approximation between some 
particles than between others j whence tile 
diffused nebulosity is, in such part, converted 
into a denser nucleus, which, by its comparative 
preponderancy, must lay a foundation for a 
rotatory ^notion, and attract and determine the 
circumjacent matter still more closely to itself, 
and consequently diminish the extent of the 
nebulous range. 

The nuclei thus arising may sometimes be 
double or triple, or still more complicated ; and 
when^er this occurs, the nebulosity will be 
broken into different nebulae, or smaller nebulous 
clouds ; and if some of them be much minuter 
than others, the minuter may at length attend 
upon the larger, as satellites upon a planet : and 
Dr. Herschel gives instances of all these phaeno- 
mena actually completed, or in a train of* com- 
pletion, in different parts of the visible heavens. 

Such he'subraits as his latest opinion of the 
general construction of the heavens j believing 
stars, planets, and comets to have oiiginated, 
and to be still originating, from such a source ; 
the nebulous matter contained in a cubical space 
seen under an angle of ten degrees demanding 
a condertsation *of two trillion and two hundred 
and eight thousand’billion times before it can be 
so concentrated as to constitute a globe of the 
diameter and density of our sun. 

VOLi. I.- 
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Some of these masses of light are indistinct 
and barely visible even by Dr. Herschel’s forty 
feet telescope j and he hence calculates, that if 
a mass thus traced out contain a cluster of five 
thousand stars, they must be eleven millions of 
millions of millions of miles off. M. Huygens 
entertained an analogous idea ; and conceived 
that there are stars so immensely refnote that 
their Tight, although travelling at the rate of 
eleven millions of miles in a minute, and having 
thus continued to travel from the formation of 
the earth, or for nearly six thousand years, has 
not yet reached us. 

But this sublime conception is of much earlier 
origin j and it is due to the magnificence of the 
Epicurean scheme to state that it is to be found 
completely developed amongst its principles. 
Lucretius has beautifully alluded to it in lines of 
which I must beg your acceptance of the 
following feeble translation, ihe only difference 
being, that lightning or the electric fluid, is here 
employed instead of light, at least by Haver- 
camp j for Vossius, in the Leyden edition, gives 
us light for lightning, reading lumina instead of 
fvlmina. 

The poet ' is speaking of the immensity of 
space : — 

The vast whole 

What fancied scene can bound ? 0*er its broad realm* 
ImmeasurM> and immeasurably spread, 

From age to age resplendent lightnings urge. 

In vain, their flight perpetual ; distant^ still, 
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And ever distant from the verge of things. 

So v.'isl the space or opening space tl>at swells, 
Through every part so infinite alike.* 


From this immense range of nebulous light 
Dr. Herschel derives comets as well as stars anti 
planets^ believing them, indeed, to be the rudi- 
ments of the two latter ; and he has especially 
noticed, as originating from this source, the well 
remembered comet that so brilliantly, and for so 
long a period of time, visited our horizon during 
the close of the year 1811 ; which he conceives 
will be converted into a stellar or planetary orb 
as soon as its luminous matter, and especially 
that of its enormous tail, shall be sufficiently 
concentrated for this purpose. This tail he 
calculated, when at its greatest apparent stretch 
in October of the same year, at something more 
than a hundred millions of miles long, and nearly 
fifteen millions broad, though its bright or solid 
nucleus or planetary body was not supposed to 
measure more than four hundred and twenty- 
eight miles. Jts perihelion path, or nearest 
approach to the sun, is stated at a distance of 


* Omne quideni vero nihil cst quod fiuiat extra. 
Est igitur natura loci, spatiuraque profundi, ’ 
Quod ncque clara siio percurrere fulmina cursu 
Perpetuo possint xv\ labentia tractu ; 

Nee prorsuni facere, ut restet minus ire, nieando 
Usqtie'adeo passim patet ingens copia rebus, 
Fiuibus exemptis, in cunctas undique p.u'teis. f- 


j De Rei. i. looo 
1 2 
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ninety-seven millions of miles, its distance from 
the earth at ninety-three millions. The comet 
of IS07 approached the earth within sixty-one 
millions of miles, or about a third nearer the 
earth, and that of 1680 within a sixth of its 
diameter, or as near as 147,000 miles, its tail 
being of a like length. 

Tliere is one comet, hoAvever, that we seem to 
be somewhat better acquainted with than with 
this that paid us so near a visit, or indeed than v> ith 
any other, from its having approached us visibly 
for four times in succession, if not oftener. If 
was towards the beginning of last cenlury’-thlit 
Mr. Halley was struck with the remark, that 
the general elements and character of the comets 
observed in 1531, 1607, and 1682, w('re nearly 
the same j whence he concluded that the whole 
formed but one identical body, that took about 
seventy-six years to complete its eccentric- orbit j 
and hence, although iti cotiscqucnce*of this 
eccentricity, and its travel ling, amidst a range 
of heavenly bodies that are altogether invisible to 
us, and whose influence seems'H.o bid defiance 
to calculation, it is difficult to form an esti- 
mate of its progress, he ventured to suggest, 
that it wotdd appear again, making due allow- 
ances for these incidents, towards the close of 
1758, or the commencement of 1759 ■ and 
he had the high satisfaction of seeing his pre- 
diction verified} the comet passing its peri- 
helion March 12th, 1759, within the limits 
of the errors of which he thought his results 
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Susceptible. It is apparently this comet, which 
at this last period only excited the curiosity of 
astronomers and mathematicians, that in 1456, 
or four revolutions earlier, tow'ards the close of 
what arc called the dai'k ages, spread such con- 
sternation over all Europe, already, indeed, ter- 
rified by the rapid successes of the Turkish 
arms, that Pope Callixtus was induced to com- 
pose a prayer for the whole western church, in 
which both the Turks and the comet were in- 
cluded in one sweeping anathema. 

Admitting the truth of Dr. Herschel’s hypo- 
thesis, as we are now contemplating it, it is 
possible that some of the lately discovered 
planets, which arc now attendant upon the sun, 
were formerly comets, whose orbits have for 
ages been growing progressively more regular, 
as well as their constitutional rudiments more 
dense; and such, indeed, is the opinion of 
M. Voight, and of various other philosophers 
on the continent. 

The object of the jiresent and the preceding 
lecture has been to submit a sketch of tlie most 
obvious properties belonging to matter, so as to 
enable you to obtain a bird’s-eye-view of the 
general phaenomena it is capable of' assuming, and 
^ the general changes it is necessarily sustaining. 
From the qualities I have placed before you, of 
j)assivity, cdliesibility, divisibility, and attractions 
of various kinds, must necessarily result, accord- 
ing to the intensity with which they are called into 
action, the pha-nomena of liquidity, viscidity 

1 3 
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touglmess, elasticity, symmetry of arrangement, 
solidity, strength, and resilience. But the powers 
which thus perpetually build up the inorganic 
world, and to this Our survey has been entirely 
confined, perpetually also destroy it : for the 
whole, as 1 have had occasion to observe, is a 
continued circle of action ; a circle most wise, 
most harmonious, most benevolent': and hence, 
as one compound substance decays, another 
springs up in its place, and can only spring up 
in consequence of such decay. 

There is, however, another lesson, if I mis- 
take not, which we may readily learn from 
these lectures, however imperfectly delivered, 
and which is altogether of a moral character : 
I mean that of humility, in regard to our own 
opinions and attainments ; and of complacency, 
in regard to those of others. After a revolution 
of six thousand years, during the whole of 
which period of time the restless ingenuity of 
man has been incessantly hunting in pursuit of 
knowledge, what is there in physical philo- 
sophy that' is thoroughly and perfectly known 
even at the present moment ? and of the little 
that is thus known, what is there which has 
been acquired without the clash of controversy, 
and the warfare of opposing speculations ? 
Truth, indeed, — for ever praised be the great 
Source of Truth, for so eternal and immutable a 
decree — has at all times issued, and at all times 
will issue, from the conflict } but while we be- 
hold philosophers of the highest reputation, 

V 
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philosophers equally balanced in the endowment 
of native genius, proved by the great teacher 
Time to have been alternately mistaken upon 
points to which they had honestly directed the 
whole acumen of their intellect, how absurd, 
how contemptible is the fond confidence of 
common life! Yet what indeed, when fairly 
estimated by the survey that has now been 
briefly taken of the sensible universe, — what is 
the aggregate opinion, or the aggregate im- 
portance of the whole human lace! We call 
ourselves lords of the visible creation : nor 
ought we at any time, with affected abjection, 
to degrade or despise the high gift of a rational 
and immortal existence. — Yet, what is the 
visible creation ? by whom peopled ? and where 
are its entrances and outgoings ? Turn wherever 
we will we are equally confounded and over- 
powered: the little and the great arc alike 
beyond our comprehension. If we take the 
microscope it unfolds to us, as 1 observed in 
our last lecture, living beings, probably en- 
dowed with as complex and perfect a structure 
as the whale or the elephant, so minute that 
a million of millions of them do mot occupy 
a bulk larger than a common grain of sand. If 
we exchange the microscope for the telescope, 
we behold man himself reduced to a compara- 
tive scale of almost infinitely smaller diiu^nsion, 
fixed to a minute planet that is scarcely per- 
ceptible throughout the vast extent of the 
solar system j while this system itself forms but 

14 
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an insensible point in the muititudiuous inar- 
sballiiigs of groups of worlds upon groups of 
worlds, above, below, and on every side of us, 
that spread through all the immensity of space, 
and in sublime, though silent harmony declare 
the glory of God, and shew forth his handy- 
work. 
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LECTURE VI. 

ON GtOI.OGY. 

TiiEiir, arc some subjects on which the philo- 
sopher is obliged to exercise nearly as much 
imagination as the j)oe1 ; for it is the only 
faciiltv by winch ho can expatiate upon- them. 
Such is a great part of tlie magnificent study 
upon which w(' have touched in our preceding 
lectures. — Space, immensity, infinity, pure in- 
corporeal intelligence, matter created out ot 
nothing, innumerable systems of worlds, and 
innumerable orders of beings ; — where is the 
mind strong enough to grapple with such idea-, 
as these ? They at once entice and overwhelm 
us. Reason copes with them till she is exhausted, 
and then gives us over to conjecture. Hence, 
as we have already seen, invention at times 
takes the place ol’ induction, and the man of 
wisdom has lus dream as well as the man of 
fancy. 

Let us descend from such magnificent flights : 
let us quit the possible for the actual ; an<l 
equally incapable of following up tlie fugitive 
material of which the visible universe consists, 
into its elementary principles and collective 
mass, let us examine it as far as we aie able. 
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in the general laws, structure, and phsenomena 
it exhibits in the solid substance of the globe on 
which we ti'cad. 

It is thb enquiry that constitutes the science 
of GEOLOGY, a brief outline of which is intended 
as a study for the present lecture ; — a science 
than which few are of more importance, but 
which is only at present in its infancy, and of 
course almost entirely indebted for its existence 
to the unwearied assiduity and discoveries of 
modern times. 

The direct object of geology is, to unfold the 
solid substance of the earth — to discover by 
what causes its several parts have been either 
arranged or disorganised •>- and from what ope> 
rations have originated the general stratidcation 
of its materials, the inequalities of its surface, 
and the vast variety of bodies that enter into its 
make. 

In pursuing this investigation, many difficul- 
ties occur to us. The bare surface, or mere 
crust of the earth’s structure, is the whole we 
are capable of boring into, or of acquiring a 
knowledge of, even by the deepest clefts of 
volcanoes, or the deepest bottoms of different 
seas. It is not often, however, that we have the 
power of examining either seas or volcanoes so 
low as to their bottom. The inhabitable part of 
the globe bears but a small proportltm to the 
uninhabitable, and the civilized an almost infi- 
nitely smaller proportion still. Hence -our 
experience must be extremely limited ; a tho^- 
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sand facts may be readily conceived to be 
unfolded that we are incapable of accounting 
for ; and, at the same time, a variety of contra- 
dictory hypotheses to be formed with a view of 
accounting for them. 

So far as the superficies of the earth has been 
laid open to us by ravines, rivers, mines, earth- 
quakes, and other causes, we find it composed of‘ 
a multitude of stony masses, sometimes simple, 
or consisting of a single mineral substance, as 
lime-stone, serpentine, or quartz ; but more fre- 
quently compound, or constructed of two or 
more simple materials, variously intermixed and 
united ; as granite, which is a composition of 
quartz, felspar and mica ; and sienite, which is a 
composition of felspar and hornblend. These 
stony masses or rocks are numerous, and they 
appear to be laid one over the other, so that a 
rock of one kind of stone is covered by a rock of 
another kind, and this second by a third kind, 
and so on, in many instances, for a very consi- 
derable number of times in succession. In this 
superposition of rocks it is easily observable thaf 
their situation is not arbitrary. Every stratum 
occupies a determinate place ; so that they 
follow each other in regular order from the 
deepest part of the earth’s crust, which has been 
examined, to the very surface. Thus there are 
two things respecting rocks which claim our 
peculiar attention — their composition and their 
relative situation. And independently of the 
rocks thus considered as constituting alniosl 
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the whole of the earth’s crust, there are othei 
masses of fossil materials that must be likewise 
minutely studied; which traverse rocks in a 
different direction, and are known by the name • 
of veins ; as if the rocks had been spUt asunder 
in different places from top to bottom, and the 
chasms had been afterwards filled up with the 
matter which constitutes the vein. And hence 
the VEINS which intersect rocks are as much 
entitled to our attention as the structure and 
SITUATION of the rocks themselves. 

Rocks, as fo their structure, may be con- 
templated under two divisions, simple and 
compound. • 

'The simple division is, howevei^ rather a spe- 
i^lative’ than a practical contemplation. It i«* 
possible that rocks; and of immense magnitude, 
Tnay exist in parts of the globe* we are not ac- 
quainted with, that are perfectly sin)ple and 
unmixed in their jjfructure ; 'but it is seldom, 
perhaj)s never, that they have been actually 
found in such a state, at least to any considerable 
extent. 

It is only under a compound f()rm, therefore, 
or as composed of more than one mineral sub- 
stance, that rocks are to be contemplated in 
our present -survey of the subject ; and in this 
form we meet with them of two kinds : cemented, 
or composed of grains, or nodules, agglutinated 
1)} a cement, as sandstone and breccia or pud- 
ding-stone; and AGGREGATED, OT coiiiposed of 
parts connected without a cement, as granite 
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and gneiss. The component parts of the 
cemented* rocks are often very multifarious; 
those of granite and gneiss much less so, con- 
sisting chiedy of felspar, mica, and quartz, with 
garnets, shorl, or hornblend occasionally inter- 
mixed with the mass. The granite that forms 
the flag-stones of Westminster Bridge* are sup- 
posed to have been brongjit from Dartmoor ; 
and, like the rest of the Dartmoor granite, is 
I’emarkablc for the length of its crystais of fel- 
spar, which in some ’instances are not less than 
four inches. 

I'he aggregate' rocks; like the cqmcfl!8d,*afcr 
sometimes found of an indftermiptitd/ bht tnoro’ 
generally of,^ defermint<tc*qt regirfat'^ybfm*^'‘AK 
it is the office of tlfaHif^ich of’niincl'Md^W 
which M. Werner hits’ "given the n’amc 
gnosij, to distinguish and describe them by^ 
peculiarities.* This is ^a branch ‘into’ which* C* 
cannot pluitgc, ’for it woulft Wsed ns froin that 
general view of the 'science to which our pi"&- 
sent course of study is directed, into a detailei^ 
analysis. Those who arc desirous of pursuing 
it in this line of developement may consult with 
great advantage Professor .Jameson’s System of 
Mineralogy, or M. Brogniart’s “ Traits Elcmen- 
taire,” or M. Cuvier’s Essay on the Theory of 
the Earth, prefixed to his Fbssil llemains. I 
can only observe, at present, that the total niuh- 
ber of rocky masses, or different kinds of rocks, 
whether simple or compound, which have been 
hitherto observed, amount to about sixt y ; ol 
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which the principal seem to be the eight fol- 
lowing ; granite, gneiss, hornblend, limestone, 
wacke, basalt, quartz, and clay. 

Let us next pass on, then, to consider their 
RELATIVE SITUATION. Of the different rocks 
thus glanced at, and placed over each other, the 
whole crlist of the earth is composed, to the 
greatest depth that the industry of man has been 
able to penetrate ; and I have already observed, 
that, with resppet to each other, they occupy a 
determinate situation, which holds invariably 
in'cveiy part of the globe. Thus, limestone, 
^excepting under particular circumstances here- 
'a^ler to’ be explained, is no where found under 
but 'al<rays* albove it. j^'his general 
View of £he subject may ii\d6ed induce a suppo- 
sition that every separate layer which constitutes 
a part of the, earth’s surface is extended round 
' the entire globe, and wfapped about the central 
nucleus, like the coats of an onion j the kind of 
rock that is always lowest, or nearest the centre, 
ainiformly supporting a second kind, and this se- 
cond kind a third, and so on. Now, though the 
different kinds or layers of rocks do not in reality 
extend round the earth in this uninternipted 
manner — though, partly from the inequality of 
tlje nucleus on which they rest, partly from their 
own inequality of thickness in diflPerent places, 
and partly from other causes, the continuity is 
often interrupted — yet still we trace enough of 
it to convince us that the rocks which constitute 
tlie crust of the earth, when contemplated upon 
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a large scale, are every where the same, and that 
they invariably occupy a like situation with 
respect to each other. 

The labours of Mr. Kirwan and M. de Saussurc 
gave the earliest hints upon this subject; and the 
geological theories of Professor Werner of Frey- 
burg, and of M. de Cuvier of Paris, are entirely 
founded on the same. These theories, though 
derived in some measure from different sources 
of mineral ogical study, coincide not merely in 
their general outline, but in all their more pro- 
minent parts, and only differ in their mode 
of accounting for the more limited or local 
deposites. 

M. Werner, “ from whom alone, to adopt the 
language of M. de Cuvier, we can date the com- 
mencement of real geology,” so far as respects 
the mineral natures of the strata, divided in his 
first view of the subject, all the various rocks that 
enter into the solid crust of the earth into five 
classes. 

Of these the first class consists of those 
rocks which, if we were to suppose each layer to 
be extended over the whole earth, would lie 
lowest, or nearest the centre, and be covered by 
all the rest ; it comprises seven distinct sets, as 
granite, gneiss, mica-slatc, clay-slate, a peculiar 
kind of porphyry, sienite, and a peculiar kind of 
serpentine. Of these granite lies the under- 
most; and sienite the uppermost; and in the 
midst of several of them we meet with beds 
of not less than eight other kinds of ro(‘k, as 
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tliougl) dropped into them by accident — as 
topaz, another kind of porphyry, serpentine, lime- 
stone, flint-slate, and trap, quartz and gypsum j 
which are hence called subordinate rocks of this 
class, and which extend the whole number of 
sets belonging to it to fifteen. 

These are supposed to have been earliest pro- 
duced, and when the earth first emerged from 
a state of chaos to a state of order; and arc 
hence denominated PRIMITIVE formations. They 
are distinguished by the following character. Not 
a single relic of either animal or vegetable petri- 
faction is to be found in any of' them. The 
lowermost or older contain no carbonaceous 
matter ; which is discoverable but very sparingly 
in the superior or newer. They are all chemical 
combinations, and generally crystallized ; the 
crystallized appearance being most perfect in the 
oldest, and gradually becoming less perfect in 
the newer formations. I have already observed 
that the whole of this scale of formations does 
not regularly coat the nucleus of the earUi ; so 
little so, indeed, that sometimes even the granite 
itself, the lowermost rock of all, is left bare, and 
not pressed down or coated by a deposite of any 
other kind of rock : and so of the rest. Where- 
ever this deficiency takes place, the rock thus 
left at liberty rises uniformly higher than it is 
found to do where pressed upon, and invested 
with its common coatings. But every rock does 
not, under such circumstances, rise equally high, 
or with an eipial degree of freedom ; for gi;anitc 
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rises highest of all ; and hence we frequently find 
it composing- the tops of our loftiest chains of 
mountains, as well as the basis of the earth^s 
solid crust, It forms the great body of the Swiss 
mountains and the Alps, though gneiss is here 
also found in great abundance. 

The level of gneiss, when left at equal liberty, 
is a little lower than that of granite. It con- 
stitutes the vast mass of the Carpathian moun- 
tains that 'divide Transylvania and Hungary from 
Poland. 

The level of mica-slate is lower than that of 
gneiss, and the level of clay-slate lowest of all. 
So that there is a regular .sinking of these respec- 
tive levels from granite to clay-slate : while the 
newer porphyry and sienite are often laid over 
their summits, as though these two formations 
had been deposited long after the production of 
the others ; an idea * which is still further 
strengthened by our meeting occasionally with a 
bed of breccia, or pudding-stone, composed of 
fragments of the older or lower rocks, capping 
the gneiss, granite, or other formation before the 
porphyry or sienite has been deposited. 

The SECOND CLASS of rocks, or that which, when 
the number of coatings is complete, lies imme- 
diately over the preceding, consists of grey-wacke 
slate, and a peculiar kind of limestone, green- 
stone, and amygdaloid j together with subordi- 
nate masses of the proper primitive formations, 
sienite, porphyry, and granite : as though some 
portions of these had become crystallized after 

WOL. I. K 



130 


ON GEOLOGY. 


the rest, along with the next layers in succession, 
or had been separated from the parent rocks by 
some early commotion. Grey-wacke, which is a 
concrete terra, denoting a conglomerate rock of 
a peculiar kind having a basis of clay-slate, and 
being studded or otherwise intersected with 
portions of quartz, felspar, and scales of mica, 
may be exemplified by what in Cornwall is called 
hillas, a far more euphonous word ; and hence 
grey-wacke and grey-wacke slate may be distin- 
guished by the terms amorphose and schistose 
killas. The Cornish killas lies directly over the 
granite of that county, which possesses the cha- 
racter ascribed by Werner to granite of the 
highest antiquity.* 

These formations, for the ^lost part, irregu- 
larly alternate Vith each other, instead of pre- 
serving one regular and successive order, as tlie 
different sets of the primitive formations do; 
excepting that the limestone appears usually 
undermost, and placed, as the basis of the rest, 
upon the sienite or uppermost of the first class. 
It is in this second class of formations that petri- 
factions first make their appearance ; and it 
deserves particular attention that they are 
uniformly confined, both in the animal and 
vegetable kingdoms, to tlioseof the lowest links 
in the sc^le of organization ; and even among 

* See Allan’s I'emarl^s on the tmnsition-rooks of Werner, 
in Tliomsoifs Annals of Philos* voL iii. p. 23. Compare with 
JamesonN definition of the same. Id. Feb. 1817, p. 17. 
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these to species which are at present altogether 
unknown, and which appear therefore to be 
totally extinct. Thus the animal petrifactions 
consist entirely of ammonites, mytilites, un- 
known corals, and other zoophytic worms ; and 
the vegetable petrifactions of reeds, ferns, 
and other palm-like plants, mosses, and other 
cryptogamic produetions, which occupy the 
lowest part in the scale of vegetable life, as 
zoophytic worms do among animals. It is here, 
also, that carbonaceous matter, which is chiefly 
of vegetable origin, first makes its appearance in 
any considerable quantity. 

To this class of rocks, therefore, M. Werner 
has given the name of iransition forma hons ; 
as believing them to have been produced while 
the ^rth was in a state of transition from 
inorganic matter to organic life, —from an unin- 
habited to an inhabited condition. The date of 
their formation, however, is proved, even from 
their natural appearance, to have been very 
remote ; since, as already observed, the whole of 
the petrifactions which they contain consist of 
plants and animals, not only of the very lowest 
species, but which now seem to be altogether 
extinct. 

The THiED class of rocks is denominated 

FLOBTZ, that is, FLAT Or HORIZONTAL, FORMATIONS, 
in consequence of their usually appearing in 
beds much more nearly horizontal than the 
preceding.* Tliey lie immediately over the 

K 2 
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transition-class, and consist of the twelve follow- 
ing distinct sets of rock, each of which is 
generally found in a particular situation : sand- 
stone of different kinds, and differently arranged, 
three sets j limestone, three sets j gypsum, two 
sets ; calamine ; chalk ; coal ; trap. The trap 
usually covers the whole of this class, as the 
newer porphyry and sienite cover the primitive 
formations : the relative position of the rest is 
more variable. The floetz or horizontal class is 
characterized by its containing an abundance of 
petrifactions in every one of its sets, and these 
of known animal and vegetable kinds ; though 
still, of those that occupy the lower parts of the 
scale, as shells, fishes, the fishes much mutilated, 
a few tortoises, ferns, pines, and reeds ; indicat- 
ing that they were formed at a period in which 
organized beings of this character abounded, but 
in which those of other characters did not exist, 
or but rarely. 

The FOURTH CLASS of formations, under the 
Wernerian system, is denominated alluvial, 
and constitutes the great mass of the actual 
surface of the earth’s solid crust. They have 
been evidently produced by the gradual action 
of rain, river-water, air, and the elastic gasses, 
upon the other classes, and may, comparatively, 
be considered as very recent formations, or 
rather as deposites, whose formations are still 
proceeding. They may ti^e divided into two 
, kinds ; those deposited in the vallies of jraoun- 
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tainous districts, or those elevated plains which 
often occur in mountains ; and those deposited 
upon dat land. 

The first kind consists of sand, gravel, and 
similar materials, which constituted part of the 
neighbouring mountains in their original state, 
and which remain, notwithstanding that these 
less durable parts have been thus washed or 
blown away. They sometimes contain ores, 
which also existed in the neighbouring moun- 
tains, and have been carried down by the agency 
of rain, air, or the elastic gasses. The ores 
principally discovered in such situations are those 
of gold and tin ; and these soils arc often washed 
in order to separate them. Beds of loam are also 
occasionally met with on the plains of mountains, 
formed of the decomposed elements of animal 
and vegetable bodies that once occupied their 
sides. 

The second kind of alluvial depositCs, or that 
which occupies the flat land, consists of loam, 
clay, sand, marl, calcsinter, and qalctuffi or 
stalactitic tufa,* the basis of our common petri- 
factions j and which is found very largely in 
Sweden, Germany, and Italy, clothing with a 
calcareous coat the smaller branches of trees, 
leaves, prickles, moss, and other minute plants ; 
eggs, birds, and birds-nests; preserving them 
from decay, by defending them from the action 
'f the air. The clay and sand sometimes con- 
tain petrified wood ; and in many parts are found 

kS 
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the skeletons of quadrupeds, even of the largest 
magnitudes, as we shall have occasion to observe 
hereafter. * Here, also, occur earths and brown 
coal (in which is often traced mineral amber), 
wood'Coal, bituminous wood, and bog iron 
ore. 

The EAST, or uppermost, of the five classes 
of rocks of the Wernerian system, is denominated 
VOLCANIC FORMATIONS j and cousists of two dis- 
tinct sets, false and true. 

The false comprise mineral substances which 
have experienced a change from the combustion 
of beds of coal situated in the neighbourhood: 
the chief minerals which are thus altered are 
porcelain, jasper, earth, slag, burnt-clay, colum- 
nar clay ■ iron-stone, and, perhaps, polishing 
slate. 

The real volcanic minerals are those which 
have been thrown out of the crater of a volcano, 
and consist of three kinds : first, those which, 
having been discharged frequently, have formed 
the crater itself of the mountain : secondly, 
those which have rolled down in a stream, and 
are known by the name of lavas : and, thirdly, 
the residual matter contained in the water which 
is often ejected, composed of ashes and other 
light substances, and which, when rendered 
solid by evaporation, is denominated volcanic 
tuff or tufa. 

* See series ii., lect. K. On zoplo^ical systems, and tlw 
distinctive cbaraclcrb of animals. 

4 
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I have observed, that these different classes 
of mineral formations are often traversed in 
various directions by other mineral substances 
which are called veins, as if the rocks they 
compose had split asunder in different places 
from top to bottom, and the chasms had been 
afterwards filled up from other sources. These 
transverse lines or veins are worthy of notice in 
regard to their shape and' the substances with 
which they are filled. 

With respect to their shapes they appear to be 
almost always widest above, and gradually to 
diminish as they deepen, till at last they termi- 
nate in a point j exactly as if they had been 
•originally fissures in the rock. Occasionally, 
indeed, they are observed to widen and contract 
alternately in different parts of their course, 
but this is by no means a common appearance. 

Sometimes they are partially or altogether 
empty ; and in this case they are real fissures, 
and are so denominated ; but generally they are 
filled with matter more or less simple, and more 
or less different from the rock througli which 
they pass. All the formations I have already 
noticed as existing in the shape of rocks have 
also been found in the shape of veins : whence 
we have veins of granite, porphyry, limestone, 
basalt, wacke, green-stone, quartz, clay, felspar, 
pit-coal, common salt, and metals of every kind. 
When the veins are compound, or consist of a 
variety of substances, these substances are almost 
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always disposed iu regular layers j one Species 
of mineral constituting a central line or cylinder, 
and this being encrusted with a second mineral, 
and the sdcond with a third, and in the same 
manner to the utmost sides of the veins. These 
layers arc occasionally very numerous ; that of 
the vein Georgius at Freyburg consists of not 
less than ^nine, and there is another in the 
same .district, which, according to M. Werner, 
extends to thirteen. It is not uncommon to find 
veins crossing each other in the same rock ; and 
when this occurs, one of the veins may be traced 
passing tlirough the other without any interrup- 
tion, and completely cutting it in two, the cut 
vein always separating and vanishing at the point 
of intersection. 

Nothing appears more obvious than that these 
veins must have been originally fissures produced 
by some unknown violence in the rocks in which 
they occur ; and it is highly probable, as con- 
jectured by M. Werner, that the mineral mate- 
rials which constitute them have been deposited 
slowly from above during. the formation of the 
different classes or sets of rock of which the 
dififerent layers consist, while the rocks in which 
they occur were covered with water*. Upon this 
theory veins are of course newer than the rocks 
in which they are met with, and which must 
have split to have produced them : and where 
two veins cross each other^'diat is obviously the 
newest that traverses the adjoining without inter- 
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ruption, as the fissures constituting the second 
vein must have been formed after the first was 
filled up. 

The FIVE classes of rock formations we have 
thus far considered are those which entered into 
Professor Werner’s system, as it first made its 
appearance. They are supposed to exist over 
the globe generally, and to be independent of 
ch orographic or typographic changes, and have 
hence been still further denominated univeesal 

FOKMATIONS. 

M. Werner has since, however, been induced 
to add to these a sixth class, consisting of what 
he has called pabtial or local fobmations : 
comprising those which are so often found in 
vast hollows or basins of particular countries ; 
the materials of which are, in many instances, 
strangely intermixed, and have probably been 
carried down into such basins by circumscribed 
deluges, produced by an exundation of rivers or 
seas, occasionally alternating with each other, or 
by other partial disruptions. We have here, 
therefore, reason to, expect, — what in fact is 
perpetually met with, — a motley combination of 
whatever substances may have existed in tlie 
course of such seas or rivers or rifted soils, with 
masses or fragments of most of the universal 
FORMATIONS, alternate beds of marine and fresh- 
water alluvions, and, consequently, animal and 
vegetable remains of all kinds. 

The composite rocks that fill up the great 
basin around Paris, in which the skeletons of so 
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many unknown animals, even quadrupeds of 
the hugest size, elephants, hippopotami, tapirs, 
mammoths, and other pachydermatous, or thick- 
skinned monsters, have been discovered, are of 
tihis LOCAL FoiiMATiON, The celebrated quarries 
of JSningen, on the Rhine, are of a like kind ; 
and these, having been erroneously regarded of 
the same antiquity as Werner's universal forma- 
, TioNs, have been appealed to by various writers 
as affording proofs of the falsity of his theory, ♦ 

We have other instances of this local formation 
in many parts of our own country, and particu- 
• larly near the banks of the Thames. Mr. Trim- 
mer has given an interesting account of the sub- 
strate of two fields in the vicinity of Brentford, 
that are loaded with the organic remains of the 
larger kinds of quadrupeds ; as bones of elephants, 
approaching to both the Asiatip and the African 
species ; horns of deer, apparently as enormous as 
those dug up in Ireland ; bones of the bos genus j 
and teeth and bones of the hippopotamus ; the 
last very abundant, and intermixed with fresh- 
water shells t, and other fresh- water relics. 

Occasionally, however, marine remains are 
found intermingled with such animal fossils, and 
composing their beds instead of those of fresh- 

^ For an admirable defence of this pari of the theory^ see 
Mr, Jameson’s essay On Formations,” inserted in the 
Annals of Philos# no. Hi. p. 191. 

f Phil. Trans, for 1813, p. 135. See also Mr. Webster^'s 
valuable essay on the same subjeot, in vol. ii. of the Transactions 
of the Geological Society. 
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water ; and not unfrequently layers of the one 
kind, as in the basin of Paris, are irregularly 
surmounted by layers of the other. But no 
human skeletons are discovered in the midst of 
any of these rocks, although the bones of man are 
as capable of preservation as those of any other 
animal : the only known instance of this sort 
being that imported into our own country from 
Guadaloupe by Sir Alexander Cochrane, and 
which is now exhibited in the British Museum, 
imbedded in a block of calcareous stone ; a very 
accurate description of which has been pub- 
lished in the Philosophical Transactions by 
Mr. Konig. 

It is hence obvious, that the catastrophes 
which involved these enormous quadrupeds in 
destruction must have occurred at a period 
when mankind had no existence in the regions 
which were thus overwhelmed j and in some 
places overwhelmed alternately by disruptions 
and inundations of sea and of fresh water. And 
it is equally obvious, that as the fossil bones are 
not rolled or violently distorted, or deprived of 
their natural contour, such remains have not 
been brought to their present beds from a dis- 
tance ; but that the deluge must have been 
sudden, and overtaken them in their natural 
resorts j and hence may, in many cases, have 
swept away all the individuals of a species in a 
common calamity. 

There is, however, a great difficulty with 
some naturalists in conceiving that such animals 
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as the elephant, the tapir, the rhinoceros, the 
hippopotamus, the mammoth, or mastodon, 
animsds now only found in the torrid regions, 
could have existed in these northern parts of 
the globe. M. de Marschall endeavoured by 
one sweeping stroke of the fancy to solve this, 
as well as that of the extraordinary, fragments 
in which they are often imbedded, and held 
out that the whole have fallen at different times, 
like meteoric stones, from heaven. * The real 
difficulty, however, vanishes in a considerable 
degree, if not entirely, when we reflect, tliat 
although the torrid regions furnish us with some 
of these genera, they do not appear in any in- 
stance to contain the same precise species as 
are traced among the large fossil quadrupeds of 
the northern and colder parts : and hence it 
is no argument, that because the habits of the 
extant species do not qualify them for a resi- 
dence in these latter regions, such situations 
might not have furnished a comfortable home 
to the species whose remains are found amongst 
us. The fossil species do not differ less from 
the living to which they make the nearest ap- 
proach, than various animals that are familiar to 
us do from others that belong to the same 
tribes, and which are found, under one species 
or other, over the whole world. Tlie race of 
horses, of swine, or of sheep, furnishes us witi? 
abundant examples of this remark : and that of 
dogs affords perhaps a still more striking Ulus. 

^ Rccberchcft sur l^Ongine, &c. Gcissen, IBOg. 
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tration ; for while under one form, that of 
the isatis or Arctic fox, the canis Lagopus of 
Linnffius, we find it in the northcrmost coast of 
America, and even the frozen sea, living in 
clefts, or burrowing on the naked mountains, 
and in that of the almost infinite varieties of 
the c.Jamiliaris, or domestic dog, in the bosom of 
our own country, — in the form of the c. aureus^ 
chacal or jackal, we meet with it in the 
warmest parts of Asia and Barbary, prowl- 
ing at night in flocks of one or two hundred 
individuals. 

The extensive tuub aeies or peat-fields , w Inch 
are so common to many parts of Europe, are 
produced by an accumulation of the remains of 
sphagnum and other aquatic mosses. These 
surround and cover up the small knolls upon 
which they are termed ; or, in many places, 
descend along the vallies after the manner of 
the glaciers of Switzerland; but, while the 
latter melt away every year at their lower 
edges, the mosses are not checked by any 
obstacle in their regular increase ; and as such 
increase takes place in determinate proportions, 
by sounding their depth* to the solid ground 
we may form some estimate of their antiquity. 

The ordinary rise of those extensive ranges 
of DOWNS, which are seen skirting the coasts of 
many countries, and especially where the shore 
is not very bold, is a mixt eflbrt of sea and wind. 
'JTo produce this, however, the soil that the sea 
washes over must consist of sand. This is first 
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pushed in successive tides towards the shore ; it 
next becomes dry, by being left there at every 
reflux o( the sea ; and is then drifted *up the 
beach, and to a considerable distance from the 
beach, by the winds which are almost always 
blowing from the sea, and often in whirls or 
eddies ; and are at length fixed by the growth of 
wild plants, whose seeds are in like manner 
wafted about on the wings of the breeze, or casu- 
ally dropped with the excretions of birds or other 
animals that pass over them. In several parts, 
observes M. Cuvier, these proceed with a frightful 
rapidity, overwhelming forests, houses, and culti- 
vated fields in their irresistible progress. Those 
on the coast of the Bay of Biscay have actually 
buried a considerable number of villagfes whose 
existence is noticed in the records of the middle 
ages. And even in the present day they are 
threatening not fewer than ten distinct hamlets 
with almost inevitable destruction : one of which, 
named Mimigan, has been in perpetual danger 
for upwards of twenty years, from a sand-hill of 
more than sixty feet in perpendicular height, 
produced by the cause we are now contemplat- 
ing, and which is very obviously augmenting. * 

There are various forelands on the coasts of 
the North Sea, and particularly on those of the 
counties of Sleswigh and Holstein, which are 

* Report eonceraing the downs of the Gulf of Gascony, or 
Bay of Biscay, by M. Tassin, Mont dc Marsan, an, x. Cuvier, 
Theory of the Earth, % 31 . 
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formed in the same manner.* But the most 
extraordinary inroadsi of sand>storms and sand- 
floods are, perhaps, those which have taken place 
in the Lybian Desert, and in Lower Egypt. 
M. Denon informs us, in his travels over this 
part of the world, that the summits of the ruins 
of ancient cities buried under mountains of 
drifted sands still appear externally ; and that 
but for a ridge of mountains, called the Lybian 
Chain, which borders the left bank of tire 
Nile, and forms a barrier against the invasion of 
these sands, the shores of the river, on that side, 
would long since have ceased to be habitablf* 
“ Nothing,” says M. Denon, “ can be more melan- 
choly, than to walk over villages swallowed by 
the sand of the desert, to trample under foot 
the roofs of their houses, to strike against the 
tops of their minarets, and to reflect, that 
yonder, in days of yore, were cultivated fields, 
that hard by were groves of flourishing trees, 
and the dwellings of men close at hand j — and 
that all has now vanished.” t 

The various islands that spot the surface 
of the sea have arisen from diflTerent causey. 
Many of them have been merely separated from 
the adjoining continent by the inroad of the 
sea itself upon the main-land } others have 
been thrown up by volcanoes, which have at 

* De Luc* Voyages Geologiques* tom. i. 

t Jameson's Notes on Cuvier's Theory, p. 217. €om- 
pare Dolomfeu's Memoir on Egypt, in Journ. (Je Physique* 
torn, xlii* 
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times disgorged prodigious blocks of gra- 
nite amongst the mixt materials, such as are 
frequently found in the Danish archipelago, 
in the rai^t ofthegee^/, or allmnal matter, which 
has collected around them. Other islands are 
altogether the masonry of madrepores, and other' 
coral zoophytes of wonderful industry and 
perseverance, of which the South Sea furnishes 
us mth the largest and most astonishing spe- 
cimens. These islands are for the most part 
flat and low, and surrounded by enormous belts 
of coral reefs. Most of the calcareous zoophytes 
^ employed in their construction, but the 
principal worm is the madrepora luhrkala of 
Linnaeus. 

In so large an abundance, and with so much 
facility, is calcareous matter elaborated by these, 
as well as by various other animals, and especially 
the testaceous worms, that M. Cuvier is inclined 
to ascribe all the calcai'eous rocks that enter into 
the solid crust of the earth to an animal origin.* 
But this is to suppose the earth of a far higher 
antiquity, and to have been the subject of more 


* Some writers have proceeded much farther than this, for 
they have resolved all the solid materials of the earth’s crust 
into an organic origin. Such was the opinion of Demaillet 
and Lamarck ; who suppose that every thing was originally 
fluid ; that this universal fluid gave rise to plants and animals ; 
that all clay or argillaceous earth is the produce of the former, 
all calcareous earth of the latter^ and that siliceous earth has 
been the result of the two. Telliamid^ p. 1 69, Philosophie 
Zoologique, passim. 
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numerous general deluges, and inversions of sea 
and land, than are called for by the Wernerian 
system, or appear reconcileablc with the Mosaic 
narrative, M. Cuvier apprehends, indeed, that 
such catastrophes may have occurred five or six 
times in succession, at a distance of four, five, or 
six thousand years from each other ; and that 
even the chalk formation found in the basin of 
Paris originated in a revolution of this kind that 
occurred antecedently to that which is usually 
regarded as the flood of Noali. And, following 
up this idea, he conceives, towards the close of 
bis Introductory Theory of the earth, that if' the 
science of fossil organic productions could be 
carried to a much higher degree of perfection, 
we should be able to obtain far fuller information 
upon this subject ; “ and man, to whom only a 
short space of time is allotted upon the earth, 
would have the glory of restoring the histori/ of 
thousands of ages ivliich preceded the existence of 
the human race, and of thousands of animals that 
never were contemporaneous with his species.” 


vot. r. 
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LECTURE Vll. 

ON OEOLOCy. 

(The subject continued.) 

In our last study I attempted a brief sketch of 
the chief phaenomcna that occur to tlie eye of 
the geologist upon a survey of the solid crust of 
the earth,- as far as he is able to penetrate into it. 
The conclusion to which such phenomena lead 
us is the following : that the rudiraental materials 
of the globe, to the utmost depth we are able to 
trace them, existed at its earliest period, in one 
confused and liquid mass j that they were after- 
wards separated and arranged by a progressive 
series of operations, and an uniform system of 
laws, the more obvious of which appear to be 
those of gravity and ciystallization j and that 
they have since been convulsed and dislocated 
by some dreadful commotion and inundation that, 
have extended to every region, and again thrown 
a great part of the organic and inorganic creation 
into a promiscuous jumble. 

Now the only two causes that can enter into 
the mind of man as being competent to the 
fluidity that appears at first to have existed 
throughout the whole crust of the earth are fibe, . 
or a peculiar solvent. But, if a solvent, that 
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solvent must have been water ; for there is no 
other liquid in nature in siiffieient abtindance lo 
act the part of a solvent upon a scale so ex- 
tensive. 

And hence our enquiries into this subject 
become in some degree limited, and ai'c chiefly 
confined lo what have been called the Plutonic 
and the Neptunian liypotheses ; the origin of 
the world in its present slate from igneous fusion, 
and from aqueous solution. Both these theories 
are of very early dale, and both of tl)em have 
been agitated in ancient as well as in modern 
times with a considerable degree of warmth as 
welt as of plausible argument. 

Among the ancients, Heraclitus seems to have 
headed the advocates for the former thcoiy, and 
Thales, orrathcr Epicurus, the supporters of the 
latter. In what may be regarded as modern 
times, Hooke may, perhaps, be held the reviver 
of the Plutonic system, which has since, as I have 
already observed, been sup})orted by the cosmo- 
logical doctrines of Buflini and Dr. Herschel. 
Its principal chamjnons, however, in the present 
day, arc Dr. Hutton, Professor Playfair*, and vSir 
James Hall ; names, unquestionably, of high 
literary rank, and entitled to the utmost defer- 
ence, but most powerfully opposed by the distin- 
guished authorities of Werner, whose system 1 
have just glanced at, Saussurc, Kirwan, Cuvier, 


* lllustratioui) of the Iluttonian Theory of the Earlh. 
Etliiil). 1802. 
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and Jameson, not to mention that the general 
voice of geologists is very considerably in lavoiir 
of the latter class of philosophers, and conse- 
quently of the Neptunian or aqueous hypothesis. 
Let us then take a brief view of each of these 
theories in their order. 

According to the former, or the Plutonic con- 
jecture, heat is the great source, not only of the 
original production, but of the perpetual repro- 
duction of things. This theory supj)oses a re- 
gular alternation of decay and renovation, Ol 
decaj/ induced by the action of light, air, and 
other gasses, rain and other waters, upon tluj 
Jiardest rocks, by which theyaie worn dovn, and 
their particles progressively carried towards the 
ocean, and ultimately deposited in its bed ; and 
of renovation, by means of an immense subtei 
rancan heat, constantly present at diflerent 
ilcpths of the mineral regions ; whicli ojA.ates 
in the fusion and re-combination of the materials 
thus carried down and contained there, and 
afterwards in their sublimation and re-exposure 
to view in ne-^v strata of a more compact and 
perfect character. Hence the existing strata of 
i-very period consist, upon this theory, of the 
wreck of a former world, more or less completely 
fused and elevated by the agency of violent heat, 
and reconsolidated by subsequent cooling: of 
live general nature of which heat, however, we 
are still left in a considerable degree of igno- 
rance. " It is not fire in the usual sense of the 
word,” observes Mr.Playfair, *'• but heat, which is 
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required for this purpose ; and there is nofliing 
chimerical in supposing that nature . has the 
means of producing heat, even in a very great 
degree, without the assistance of fuel or of vital 
air. Friction is a source of heat, unlimited for 
what we know in its extent j and so, perhaps, are 
other operations chemical and mechanical j nor 
arc cither combustible substances or vital air 
concerned in the heat thus produced. So, also, 
Ihe heat of the sun’s rays in the form of a 
burning glass, the most intense that is known, is 
independent of the substance just mentioned;* 
and though the heat would not calcine a metal, 
nor even burn a piece of wood, without oxy- 
genous gass, it would doubtless produce as hiffh 
a temperature in the absence aS in the presence 
of that gass.”* 

This subterranean heat, moreover, is supposed 
to derive a very considerable accession of power 
from the vast superincumbent weight that is 
perpetually pressing upon its materials ; in con- 
firmation of which a variety of curious experi- 
ments are appealed to, and especially a very 
ingenious set lately carried into effect and de- 
scribed by Sir James Hall, by which it has been 
rendered probable, that wlien the gasses of any 
fusible substance, as the carbonic acid of carbon- 
ate of lime, for example, are rendered incapable 
of flying ofl^ a much less tjuantity of actual heat 
is sufficient for the purpose of fusion tlfkp when 


lllu!itration6ol' the lluttonian Theory, &c. 
r. 3 
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such gasses, freed from a heavy compression, 
can escape with facility. Now, the_ subterranean 
heat being supposed to exist at prodigious depths 
below the surface, the substances on which it 
operates must be so enormously compressed, as 
not only to render them easily fused, but in many 
instances to prevent their volatilization after the 
fusion has taken place ; and from this circum- 
stance it is possible, we are told, to explain a 
variety of appearances and (iualities in minerals, 
,aud to answer a variery of objections which 
would otherwise weigh heavy against the general 
theory. 

To the principle of an alternate decay and 
rqpovation, separated from the means by which 
they are supposed, upon this theory, to be accom- 
plished, there seems to be no very serious ob- 
jection. It is as readily allowed Jby the Neptu- 
nian as by the Plutonic geologist, that the strata of 
the earth are liable to waste, and are indeed per* 
potually wasting ; and tliat the w'aste materials 
are carried forward to the sea. But the appear- 
ance of shells in limestone and marbles, in which 
the sparry structure is as perfect as in pri- 
mary limestone, and through which are distri- 
buted veins of crystallized carbonate of lime, 
together .with a vai'icty of similar facts, fatally 
militate against the agency of heat as an uni- 
versal c^use } since, in such case, allowing it to 
have been sufficient to produce the genei'sd 
effect of crystallization, every vestige of the 
structure of the shells must have been, destroyed. 
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and every atom of the carbonic acid totally 
evaporated. 

It is, secondly, useless to argue, that there 
are other sources of heat than combustion or 
deflagration ; because, admitting the fact to 
Mr. Playfair’s utmost desire, it can be satisfac- 
torily proved that all these sources are as little 
capable of acting in the interior parts of the 
globe, to the extent supposed in the theory 
before us, as combustion itself, which is relin- 
quished by its defenders as incompetent to their 
purpose. But even allowing the full operation 
of all, or of any one of these causes, we have no 
method pointed out to us by which this subtei- 
ranean heat is duly preserved and regulated 
no controling power that directs it to the proper 
place at the proper season, without which it 
must be as likely to prove a cause of havoc and 
disorder as of renovation and harmony. It is 
useless, therefore, to pursue this theory any 
farther. In spite of the magnificence of its 
structure, the universality of its application, the 
plausibility of its appearance, and the talents 
with which it has been supported, it is built 
upon assumption alone j it lays down principles 
which it cannot support, and deals in &ncy and 
conjecture rather than in solid facts and firm 
evidence. 

Let us next, then, take a glance at the theory 
by which this is chiefly opposed, and which, 
aS I have already observed, is denominated the 
Nei’tunian. 

L 4 
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Under this hypothesis tlie two substances that 
were first evolved out of the general chaos oti 
the formation of the earth, and chemically 
united to each other, were hydrogene and oxy- 
gene, in such proportion as to produce water, 
which is a compound of these substances, and 
in such qu^tity as to be able to hold every 
other material in a state of thin paste or solu- 
tion. Of the materials thus held in solution 
granite is supposed to have been produced fiist, 
and in by far the greatest abundance. It hence, 
consolidated first, probably forms the foundation 
of the superficies of the globe, and perhaps the 
entire nucleus of the globe itself ; and, as has 
been already seen, while it constitutes the basis 
of every other kind of rock, rises higher than 
any of them. It consists, as we have already 
observed, of felspar, quartz, and mica, all which 
must therefore have concreted by a crystalliza- 
tion nearly simultaneous} and from its con- 
taining no organic remains, it is obvious that il 
must have been formed prior to the existence of 
the animal "and vegetable kingdoms. All the 
other rocks, upon this hypothesis, began to crys- 
tallize and consolidate after the formation of 
gnmite, in the order in which we have already 
traced them ; and some of these before the 
whole of the granite was rendered perfectly 
firm, whence we trace beds of several of tliem in 
the granite formation itself; and as the same 
kind of action appears to apply to the whole, we, 
in like manner, trace beds of the newer rocks 
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buccessively in formations of those that are 
older ; and, at last, remains of animal and vege- 
table materials, which are hence proved to have 
had an existence coetaiieous with the newer 
classes. 

The law of gravity appears to have operated 
through the whole of this process^ and hence, 
water, as the least heavy material, must have 
risen to the surface, and purified itself by a 
filtration through the other materials, and at 
length collected in such hollows as were most 
convenient for its reception : these hollows con- 
stitute the bed of the ocean. 

Water, thus collected in the cavity of the 
ocean, is carried by the atmosphere over the 
tops of the most elevated mountains, on which 
it is precipitated in rain, and forms torrents, by 
which it returns with various degrees of rapidity 
into the common reservoir. This restless mo- 
tion and progress of the water in the form <)f 
rain or torrents gradually attenuate and wear 
away the hardest rocks, and carry their detached 
parts to distances more or less considerable; 
whence we meet with limestone, clay, quartz 
or flint, sand, and mineral ores, in^laces to which 
they do not naturally belong. The influence of 
the air, and the varying temperature of the 
atmosphere, facilitate the attenuation and de- 
struction of these rocks. Heat acts upon their 
surface, and rendei*S it more accessible, and more 
penetrable to the moisture, as it enters into theii 
texture ; the limestone rocks are reduced by 
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efflorescence, and the air itself affords the acid 
principle by which the efflorescence is con- 
tinued. Such arc a few of the numerous causes 
that contribute to the disumon of concrete 
bodies, and powerfully co-operate with that 
wonderful fluid which alternately forms and un- 
forms j which creates, decomposes, and rege- 
nerates all nature. 

The immediate effects of water in the shape 
of rain is to depress the mountains. But the 
materials which compose them must resist in 
proportion to their hardness ; and hence we 
ought not to be surprised at meeting occasion- 
ally with peaks, which have stood firm amidst 
the wreck of ages, and still remain to attest the 
original level of the mountain-breadths which 
have disappeared. These primitive rocks, alike 
inaccessible to the assault of time and to that of 
the once animated beings which cover the less 
elevated heights with their relics, may be consi- 
dered as the origin of streams and rivers. The 
water which falls on their summits flows down 
in torrents by tlieir lateral surfaces. In its 
course it wears away the soil upon which it is 
incessantly acting. It hollows out channels of a 
depth proportioned to its rapidity, its quantity, 
and the hardness of the rock over which it passes, 
and at the same time carries along with it frag- 
ments of such stones as it loosens in its progress. 

These stones, rolled by the water, strike to- 
gether, and mutually break off their projecting 
angles ; and hence we obtain collections of 
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rounded flints wliich line* the l)eds of rivers, iind 
of smaller pebbles which the sea is perpetually 
throwing upon the shores, often encrusted witl» 
a gravelly or calcareous edging. The powder 
which is produced by the rounding of the flints, 
or is washed down Iroin tlio mountains, I’re- 
quently stagnates, forms a paste, and aggluti- 
nates into fresh masses of the rocky matter of 
which it consists; often imbedding flints and 
other materials, and constituting compound 
substances known by the name of pudding- 
stones and grit-stones, which chiefly differ from 
each other in the coarseness or fineness of their 
grains, or in the cement which connects them. 
And if the water be loaded, as it often is, with 
ninutely divided particles of quartz, it will 
proceed to crystallizi whenever it becomes 
qvxiescent ; and will form stalactites, agates, cor- 
nelians, rock-crystals, plain or coloiu*cd, accord- 
ing as it is destitute of or combined with any 
colouring material: and if the material witli 
which the water be impregnated be lime instead 
of quartz, the crystallization will be calcareous 
alabaster, or marble. 

Many of the earths are now known to be 
metallic oxydes, and all of them are suspected 
to be so : and hence a degree of heat capable 
of fusing them, and depriving them of the 
oxygene which gives them their oxyde form, 
will necessarily convert them into their metallic 
state. That such currents of heat, from elec- 
tricity and other causes, are occasionally, and 
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perhaps in difJcrent places perpetually, existing 
beneath the surface of the eartli, the Neptunian 
is as ready to admit as the Plutonic geologist ; 
and hence the origin of metallic minerals, of 
mines, ores, ochres, and pyrites. 

Tlie decomposition of animal and vegetable 
matter contributes largely, moreover, in the view 
of the system now before us, to the changes 
which the globe is perpetually sustaining. The 
exuviae of shell and coml animals is perpetually 
adding to the mass of its earths, and laying a 
foundation for new islands and numerous beds 
of limestone, in which we very often perceive 
impressions of the shells from which the soil has 
originated. On the other hand, we observe 
numerous quantities of vegetables, both sub- 
marine and superficial, heaped and deposited 
together by currents ox other causes, consti- 
tuting distinct sti’ata, which progressively be- 
come decomposed, lose their organization, and 
confound their own principles with those of the 
earths. Hence the origin of pit-coal, and 
secondaiy schists or slates ; to w'hich, however, 
the decomposition of animal substances has also 
largely contributed. Hence, too, the formation 
and extrication of a variety of acids and alkalis, 
which have essentially administered to the actual 
plimnomena of the face of the earth. 

The action of volcanoes has contributed much 
in all ages, and is still contributing in our own, 
to i,he present state of the earth’s surface. We 
have daily pi‘oofs of the mountains which it has 
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elevated, and have already noticed it as one 
source of' the numerous islands that stud the 
face of the ocean ; and we have just adverted 
to the subterranean agencies of electricity, heat, 
water, and other gasses and fluids which form its 
fuel. But the operation of volcanoes is more 
limited and local than that of the preceding agents. 
“ They accumulate substances,” says M. Chivier, 
“ on the surface that were formerly buried deep 
in the bowels of the 'earl h, after having changed 
or modified their nature or appearances, and 
raise them into mounlains j but they have never 
raised up nor overturned the strata through 
which their apertures pass, and have in no 
degree contributed to the elevation of the great 
mountains, which are not volcanic.” 

Inundations of seas and rivers have also, from 
time to time, added their tremendous force j but 
there is no ground for concluding that any 
catastrophe of this kind has been universal for 
the last four thousand years ; nor, in fact, that 
such an event has ever occurred more than once 
since the earth has been rendered habitable. 

In examining, then, the merits of the anta- 
gonist systems of geology before us, the Plutonic 
is perhaps best entitled to the praise of boldness 
of conception and unlimited extent of view. It 
aspu es, in many of its. modifications, not only to 
account for the present appearances of the earth, 
but for that of the universe ; and traces out a 
scheme by which every planet, or system of' 
planets, may be continued indefinitely, and per- 
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haps for ever, Ijy a perpetual series of restoration 
and balance. 

With this system the Neptunian forms a per- 
fect contrast. It is limited to the earth, and to 
the present appearances of the earth.. It resolves 
the genuine origin of things into the opera- 
tion of water; and while it admits the exist- 
ence of subterranean fires to a certain extent, 
and that several of the phenomena that strike 
us most forcibly may be the result of such an 
agency, it peremptorily denies that such an 
agency is the sole or universal cause of the 
existing state of things, or that it could possibly 
be rendered competent to such an effect. 

More especially should we feel disposed to 
adhere to this theory, from its genei'al coinci- 
dence with the geology of the Scriptures. The 
Mosaic narrative, indeed, with^bold and soaring 
pinions, takes a comprehensive sweep through 
the vast range of the solar system, if not through 
that of the universe ; and in its history of the 
simultaneous origin of this system touches 
chiefly upon geology, as the part most interest- 
ing to ourselves ; but so far as it enters upon 
this doctrine, it is in sufficiently close accord- 
ance with the Neptunian scheme, — with the 
great volume of nature as now cursorily dipped 
into. The narrative opens, as I had occasion to 
observe in the lecture On Matter and a Material 
World, with a statement of three distinct fficts, 
each following the other in a regular series, in 
the origin of the visible world. First, an abso- 
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Jute creation, as opposed to a mere remodification 
of the heaven and the eartli, which constituted 
the earliest step in the creative process. Secondly, 
the condition of the eaith when -it was thus 
primarily brought into being, which was that of 
an amorphous or shapeless waste. And, thirdly, 
a commencing effort to reduce tlic unfashioned 
mass to a condition of order and harmony. “ In 
the beginning,” says the sacred historian, “ God 
CREATED the heaven and the earth. — And the 
earth was without form and void : and dark- 
ness was upon the face of the deep (or abyss). — 
And the spirit of God moved upon the face of 

THE WATERS.” 

We are hence, therefore, necessarily led to 
infer that the first change of the fbi'mless chaos, 
after its existence, was into a state of universal 
aqueous solution ; for it was upon the surface of 
the waters that the Divine Spirit commenced his 
operative power. We are next informed, that 
this chaotic mass acquired shape, not instanta- 
neously, but by a series of six distinct days, or 
GENERATIONS, (that is epoclis), .os Moses after- 
wards calls them * ; and apparently through the 
agency of the established laws of gravity and 
crystallization, which regulate it at the present 
moment. 

It tells us, that during the first of these days, 
or generations, was evolved, what, indeed, 
agrcseably to the laws of gravity, must have been 
evolved first of all, the matter oJ’light and heat ; 


^ Gen. ii. 4 , 
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oi’all mateaial substances the most subtle and 
attenuate ; those by which alone the sun operates, 
and has ever operated, upon the earth and the 
other planets’, and which may be the identical 
substances that constitute his essence. * And it 
tells iis, also, that the luminous matter thus 
evolved produced light without the assistance 
of the sun or moon, which were not set in the 
sky or firmament, and had no rule till the fourth 
day or generation : that the light thus produced 
flowed by tides, and alternately intermitted, 
constituting a single day and a single night of 
each of such epochs or generations, whatever 
their length might be, of which we have no 
information communicated to us. 

It tells us, that during the second day or gene- 
ration uprose progressively the fine or 

waters, as they are poetically and beautifully 
denominated, of the firmament, and filled the blue 
etherial void with a vital atmosphere. That during 
the third day or generation the waters _ more 
properly so called, or the grosser and compacter j 
fluids of the general mass, were strained off and 
gathered together into the vast bed of the ocean, 
and the dry land began to make its appearance, 
by disclosing the peaks or highest points of the 
primitive mountains ; in consequence of ,which’ 
a progress instantly commenced from inorganic 
matter to vegetable organization, the surface 
of the earth, as well above as under the waters, 
bemg covered with plants and herbs, bearing 

" Hcrschcl, Plui, Trans, vol. 
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seeds after their respective kinds ; thus layitig 
a basis for those carbonaceous materials, the 
remains of vegetable matter, which we have 
already observed are occasionally to be traced 
in some of the layers or formations of the class 
of primitive rocks, (the lowest of the whole), 
without a single particle of animal relics inter- 
mixed with them. 

It tells us, that during the fourth day, or epoch, 
the sun and moon, now completed, were set in 
the firmament, the solar system was finished, its 
laws were established, atid the celestial orrery 
was put into play ; in consequence of which th6 
harmonious revolutions of signs and of seasons, 
of days and of years, struck up for the first 
time their miglity symphony. That the fifth 
period was allotted exclusively to the formation 
of watei-fowl, and the countless tribes of aquatic 
creatures ; and, consequently, to that of those 
lowest ranks of animal life, testaceous worms, 
corals, and other zoophytes, whose relics, as we 
have already observed, are alone to be traced 
in the second class of rocks or trajisition-fonna- 
tions, and still more freely in the third or hori- 
zontal formations ; these being the only animals 
as yet created, since the air and the wafer, 
and the utmost peaks of the loftiest mountains, 
were the only parts as yet inhabitable. It 
tellsms, still continuing thesame graud and exqui- 
site climax, that towards the close of this 
period, the mass of water's having sufficiently 
retired into the deep bed appointed for them, 

VOL. I. M 
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the sixth and concluding period was devoted to 
the formation of terrestrial animals j and, last of 
all, as the masterpiece of the whole, to that of 
man himself. 

Such is the beautiful, but literal progression 
of the creation; according to the Mosaic account, 
as must be perceived by eveiy one who will 
card ully peruse it for himself. 

Of the extent, however, of the days or gene- 
UATioNs that preceded tlie formation of the sun 
and moon, and their display in the sky or firma- 
ment, it gives us, as I have just observed, no 
information whatever. We only know that the 
flow of lumiftous matter which measured them 
advanced or was kindled up by regular tides ; so 
that it alternately appeared and disappeared, 
commencing with a dawn and terminating with 
a dusk or darkness ; for at the close of each it 
is said, “ and the pvening and the morning were 
the first day or, more literally, as indeed 
suggested in the marginal reading of our national 
version, “ and there was evening and there was 
morning the first day;” that is, there was dusk 
and dawn, and by no means such an evening and 
morning as we have at present. And hence, 
Origen observes, that “ no one of a sound mind 
can imagine tlierc was an evening and .a raorfi- 
iilg during the three first days without a sun.” * 
So that the passage should, perhaps, be rendered, 
as most strictly it might be, and there 


' Tlef)'Apxiv: in loc. 
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was dusk as there was dawn, the first day. — 

cav *ip:i iny ’n'l* 

It has, indeed, been contended that each of 
these periods constituted a solar day, or a revo- 
lution of the earth round its own axis, and con- 
sequently answered to the measure of twenty- 
four hours, as at present. But to maintain this 
opinion it is necessary to suppose, that tJic sun 
and the moon were set in the sky “ to rule over 
the day and over the night,” — “ to divide the light 
iroin die darkness,” — and to “ be for signs, and 
for seasons, and for days, and for years,” on or 
before the very first day or generation ; for 
otherwise there could be no solar day, or such 
as we have at present, produced by a revolution 
of the earth round her own axis. And there 
have not been wanting cosmologists and critics, 
as WhivSton and Rosenmuller, who havt* main- 
tained that the sun and the moon were created 
antecedently to the earth; that they had their 
stations allotted them in the heavens, and 
actually produced solar days and diurnal revolu- 
tions of the earth from the first. But though 
their bwn hypotheses requii'e this, the idea is 
directly opposed to the spirit and the letter of the 
Mosaic narrative, and hence can in no respect 
be acceded to by any one who is anxious to 
preserve’ this narrative in its integrity and sim- 
plicity. 

How much more explanatory and pertinent is 
the remark of our own excellent Bishop Hal), 

M ‘2 
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when speaking of the primsevai light, that during 
the first three days^ illuminated the face of 
nature: “ Not,” says he, “ of the sun or stars, 

WHICH WEEE NOT YET CREATED ; but a COffimOn 

brightness only, to distinguish the time, and to 
remedy the former coniftised darkness.” And 
how admirably to the same effect does Bishop 
Beveridge thus express himself : “ When he 
said, let there be light, by that ivord the light, 

WHICH WAS NOT BEFORE, BEGAN TO BE. But 

when he said, (that is three days or generations 
afterwards,) let there be lights in the firmament, 
to divide the day from the night, he thereby gave 
liA ws TO THE LIGHT lie had before made, where 
ho would have it be, and what he would have it 
DO. This is what we call the law of nature : 
that law which God hath put into the nature of 
every thing ;« whereby it always keeps itself 
within such bounds, and acts according to such 
rules as God hath set it, and by that means 
shows forth the glory of his wisdom and 
power.” 

Nothing, indeed, can be clearer, than that, 
according to Moses, the sun and the moon were 
only set in the heavens during the fourth day or 
generation in the w’ork of creation ; and that, 
whatever may be the relative proportion of 
the times and the seasons, the light and the 
darkness, the day and the night, that have 
occurred subsequently, we have no reason to 
suppose they occurred in the same proportion 
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antecedently; since we are expreiSsly told by 
the same inspired writer, that their immediate 
office, on being set in the sky, was to rule these 
divisions of time, as they have ruled them, with 
a single miraculous exception or two, ever since, 
and to divide the light from the darkness, as it 
has since been divided. 

We have no knowledge whatever, therefore, 
of the length of the first three or four days or 
OENERATioNs that maiked the great work of crea- 
tion, antecedently to the completion of the sun 
and moon, and their appointment to their respec- 
tive posts. And hence, for all that appears to the 
contrary, they may have been as long as the 
Wernerian system, and the book of nature, and 
I may add the term generations, employed by 
Moses himself, seem to indicate. 

Nor let it be supposed for a moment, that the 
term day in tlie Hebrew tongue seems to demand 
a limitation to the period of four and twenty 
hours, as it ordinarily impoils ; for there is no 
term in any language that is used with a wider 
latitude of construction than the Hebrew ov 
(jom)t or its Arabic form which is the word 
for day in the original. We are constantly, 
indeed, employing this very word, as Englislimeo, 
with no small degree of fieedom, in our own 
age ; for you will all allow me to drop the 
phrase in our own age,” and to adopt in our 
own DAY ” in its stead ; thus making age and 
DAY terms of similar import. But in Hebrew 
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the same terai is employed, if possible, in a still 
wider range of interpretatiop ; for it not only 
denotes, as with ourselves, half a diurnal revolu- 
tion of the earth, or a whole diurnal revolution, 
but in many instances an entire year, or revolu- 
tion of the earth round the sun ; and this not 
only in the propheti<‘ writings, which are often 
appealed to in support of this remark, but in 
plain historical narrative as well. Thus in 
Exod. xiii. lO. the verse, “ thou shalt keep tl)is 
ordinance in its season from year to year** if 
literally rendered, would be “ through days 
days, *' or, “ tlirough days upon days, ** — 
HD’D’ Dtw’O. And in like manner, Judges xvii. 
16., “ I will give thee ten shekels of silver by the 
year,** if strictly interpreted, would be “ per 
dies— ^ for the days ,*’ — that is, “for theANNUAi- 
ciuclt: of days,” — D'JD’b. 

Sometimes, again, the Hebrew OV, or^day, 
comprises the whole term of' life, as in 
1 Chron. xxix. 15. 

Our DAYb on earth aie a shadow, 

Aiu^ there is none abiding. 

So again, Job, xiv. G. 

Turn fioni him that he may rest. 

Till he shall accomplish, as an hireling, his VjV* 

But the clearest and most pertinent proof of 
the latitude with which the term Ql’, or day, is 
employed in the Hebrew scriptures, isiu the very 
narrative of tiie creation before uS; for after 
having slated in the first citapter of Genesis* that 
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the work of creation occupied a petiod of six 
DAYS, the same inspired writer, in recapitulating 
his i^tateinent ch. ii, 4., proceeds to tell Us, these 
ai’e” ■— or rather, “ such were the genekations 
of the heavens and of ^he.Carth when they were 
created ; in the day (OVIl) that the Lord God 
made the earth and the heavens.” In which 
passage Moses distinctly tells us that, in the 
preceding chapter, he has used the terra OV 
day in the sense of^gencratiou, succession, or 
epoch} while we find him liere extending the 
same terra day to (he whole hexaemeron, the 
entire term of time, whatever it may be, that 
these six days or generations filled up. So that 
the sense given to the word by Moses, instead 
,of limiting us. to the idea of twenty -four hours* 
duration, naturally leads us to ascribe, not Only 
a different, but a much enlarged extent of time 
to the divisions he has marked by the word C3V, 
or DAY : or at least to those terms whicJi occurred 
before the government of the sun and the moon 
was established, and the heavenly orrery com- 
menced its harmonious action. 

Whether, indeed, the days from this last period, 
constituting .the fifth and sixtli, were of a diftcrent 
length from any of the preceding, which may 
also have differed from each other, and were 
strictly diurnal revolutions of twenty-four hours, 
it is impossible exactly to determine. But it is 
a (juestifen which by no means affects the actual 
face of nature or the geological system before 
us : for as the third or horixontal series of rocks 
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tn wJlich 'petrifactions of known animal and 
vegetable substances begin to make their appeal- 
ance must have continued to augment for ages 
after the completion of the hexaemerou, or six 
epochs of creation, whatever be the duration as- 
signed to them ; and as the two loftiest, the fourth 
and fUlh sets of rocks, or the alluvial and vol- 
canic, are still forming, and have been ever since 
tlie great work of ci cation was completed, the 
• precise duration of the two last days of creative 
labour can liave no influence upon this question. 
But to a plain yet attentive reader of the Mosaic 
account even these two days must, I think, appear 
to have been of a far more protracted length 
than that of twenty -four hours each, and espe- 
cially the sixth day ; for it is diflicult to conceive 
how’ the first paient of mankind could have got 
through the vast extent of work assigned to him 
within the short teim of twelve or fourteen hours 
of day-light, without a miracle, which is by no 
means intimated to us, and as diflicult to suppose 
that he was employed through the night. On this 
last day were created, as we learn Iroin Gen. i. 
24 — ^28., all the land-animals after their hind, 
cattle, and wild beasts and reptiles j then Adam 
himself, but alone *, who was next, as we learn 
from .ch. ii. 15—2!^., taken and put into the 
garden of Eden, to dress it and to keep it ; where 
he had explained to him the trees he might 
eat ol', and the tree he might not ; aft’er which 
were bi ought to him, that he might make hitnsclf 
acquainted with their respective natures, every 
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beast of the field and every fowl of the air ; to 
all of whom he gave names as soon as theii' 
respective characters became known to him. 
iJubsequently to w'hich (for at this time, v. 20., 
there was not found a help meet for him) he was 
plunged into a deep slcej), when the woman was 
formed out of a part of himself. Which completed 
the creative labour of this last day alone. 

That the same Almighty Power who created 
light by a word, saying nw 'n’t ’H’ “ be 
light i and light was*^’ could have ruled the 
whole of this, or even formed the universe, 
by a word, as well, is not to be doubted ; but as 
both the book of revelation and the book of 
nature concur in telling us that such was not the 
fact, and that the work of creation went on 
progressively, and under the influence of a code 
^ of natural laws, we are called upon to examine 
into the march of this marvellous progress by 
the laws of nature referred to, and to understand 
it by their operations. Nor is it more derogatory 
to Him with whom a thousand years are as one 
day, and one day as a thousand years, to suppose 
that He allotted six hundred or six thousand 
years to the completion of his design, than that 
He took six solar days for the purpose j and surely 
there is something far more magnificent in con- 
ceiving the world to have gradually attained 
' form, order, and vitality, by the mere operation 
of powerfe communicated to it in a slate of chaos. 


Gett. 1. 9* 
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through a single command, which instantly took 
effect and commenced, and persevered and per- 
fected the design proposed, than in conceiving 
the Almighty engaged in personal and con- 
tinuous exertions, though for a more limited 
period of time. 

Thus, in progressive order, uprose the stupen- 
dous system of the world : the bright host of 
morning stars shouted together on its birth -day ; 
and the eternal Creator looked down with com- 
placency on the finished fabric, and “ st\w that 
it was good.” 
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ON ORGANIZED BODIES, AND THE STBUC'TGUD OE 
PI-ANTS COWl'ABED WITH THAT OF ANIMAD8. 


From the unorganized world, which has formed 
the main subject of our two last lectures, let us 
now rise a step higher in the scale of creation ; 
and ascend from insentient matter to life, under 
the various modifications it assumes, and the 
means by which it is upheld and transmitted. 

If I dig up a stone, and remove it from one 
place to another, the stone will sufler no altera- 
tion by the change of place ; but if 1 dig up a 
plant and lemovc it, the plant will instantly 
sicken, and perhaps die. What is the cause of 
this difference ? Botli have proceeded from a 
minute molecule, a nucleus or a germ j both have 
a tendency to preserve their derivative or family 
configuration, and both have been augmented 
and perfected from one common soil. If I 
boeak the stone to pieces, every individual frag- 
ment will be found possessed of the charac- 
teristic powers of the aggregate mass ; it is only 
altered in its shape and magnitude : but if I tcai 
off a branch from the plant, the branch will in- 
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Etantly wither, and lose the specific properties 6f 
the parent stock. 

No external examination, or reasoning d priori, 
will explain this difference of effect. It is only 
by a minute attention to the relative histories, 
interior 'i^tnjctures, and inodes of growth of the 
two substances, that we are enabled to offer any 
thing like a satisfactory answer ; and by such 
examination we find that the stone has been pro- 
duced fortuitously, has grown by external accre- 
tion, and can only be destroyed by meclmnical 
or chemical force } while the plant has been pro- 
duced by generation, has grown by nutrition, 
and been destroyed by death : that it has been 
actuated by an internal power, and possessedfof 
parts mutually dependent and contributary to 
each other’s functions. 

In what this internal power consists we knoW 
not. Differently modified, we meet with it in both 
plants and animals ; and wherever we find it we 
denominate it the principle tjf life, and distin- 
guish the individual substance it actuates by the 
name of an organized being. And hence, all the 
various bodies in nature arrange themselves 
under the two divisions of organized and unor- 
ganized: the former possessing an origin by 
generation, growth by nutrition, and a termina- 
tion by death ; and the latter a fortuitous origin, 
external growth, and a termination by chemical 
or mechanical force. 

This distinction is clear, and it forms a boun- 
dary that docs not seem to be broken in upon 
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bya single exception. In what, indeed, that 
wondei'ful power of ’crystallization consists, or 
by what means it operates, which gives a definite 
and geometrical figure to the nucleus or primary 
molecule of every distinct species of crystal j 
and which, with an accuracy that laughs at all 
human precision, continues to impress the same 
figure upon the growing crystal through every 
stage of its enlargement, thus naturally sepa- 
rating one species from another, and enabling us 
to discriminate each by its geometrical shape 
alone — we know not ; but even here, where we 
meet with an approach towards^ that formative 
efibrt, that internal action and consent of parts 
Wjjich* peculiarly characterize the living sub- 
stance, there is not the smallest trace of an 
organized arrangement; while the origin is 
clearly fortuitous, and the growth altogether 
external, from the mere apposition of surround- 
ing matter. 

So, on the other hand, in corals, sponges, and 
fuci, which form the lowest natural orders 
among animals and vegetables, and the first of 
which seems to constitute the link that connects 
the animal and vegetable with the mineral world, 
for it has in diflerent periods been ascribed to 
each, — simple as is their structure, and obtuse 
as is the living principle that actuates -them, we 
have still sufficient marks of an organized make ; 
of an origin by geaeration, the generation of 
buds or bulbs, of growth by nutrition, and of 
termination by death. 
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Bill the animal world tUfiers from the vege- 
table as widely as both these differ from the 
mineral. How are we to distinguish the orga- 
nization of animals from that of plants?-— In 
what docs theii' difference consist? And here I 
am obliged to confess, that the boundary is by 
no means so clearly marked out ; and that we 
are for tlie most part compelled to characterise 
the difference rather by description than by 
definition. Nothing, indeed, is easier than to 
distinguish animals and vegetables in their 
more perfect states : we can make no mistake 
between a llbrge and a borse-chesnut tree, a 
butterfly and a blade of grass. We behold the 
plant confined to a particular spot, deriving the 
whole of its nutriment from such spot, and 
affording no mark cither of consciousness or sen- 
sation; we behold the animal, on the contrary, 
capable of moving at pleasure from one place to 
another, and exhibiting not only marks of con- 
sciousness and sensation, Imt often of a very 
high degree of intelligence as well. Yet, if we 
hence lay down consciousness or sensation, and 
locomotion, as the two characteristic features of 
animal life, we shall sooii find our definition 
untenable ; for while the Linnean class of worms 
affords instances, in perhaps every one of its 
orders, of animals destitute of locomotion, and 
evincing no mark of consciousness o*. Sensation, 
there are various species of plants that are 
strictly locomotive, and that discover a much 
nearer approach to a sensitive faculty. 
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However striking, therefore, the distinctions 
between animal and vegetable life, in their more 
perfect and elaborate forms, rs wc approach the 
Contiguous extremities of the^ two kingdoms we 
find these distinctions fading away so gradually, 

Shade, uoperceived# so softening into shade> 

and the mutual advances so close and intimate, 
that it becomes a task of no common difficulty 
to draw -a lino of distinction between them, or 
to determine to which of them an individual 
may belong. And it is probable, that that extra- 
diiiary order of beings called zoophytes, or 
animated plants, as the term imports, and which 
by Woodward and Beaumont were an'anged as 
minerals *, and by llay and Lister as vegetables, 
have at last obtained an introduction into the 
animal kingdom!, less on account of auy other 
property they possess, than of their affording, 
on being burnt, an ainmoniacal smell like that 
which issues from burnt bones, or any other 
animal organs, and which is seldom or never 
observed from burnt vegetable substances of a 
decided and unquestionable character. Am- 
monia, thowever, upon destructive distillation, 
is met with in small quantities in partktilar parts 
of most if not oi’ all vegetables, though never 
perhaps in the whole plant. Thus it occurs 
slightly in 'the wood or vegetable fibre ; in ex- 
tract, gum-mucilage, camphor, resin, and balsam ; 

* Phil. Traus^xiiif 277- 

[ Parkinson^s Eemaias, i*23, iU 157> 
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g«m-resin, gluten, aud caoutchouc: besides those 
substances that are common to both animals and 
vegetables, as sugar, fixed oil, albumen, fibrine, 
and gelatine. There are some plants, however, 
that even in their open exposure to a burning 
heat give forth an ammoniacal smell closely 
approaching to that of animal substance. The 
clavarias or club-tops, and many other funguses, 
do this. But a distinction in the degree of 
odour may even here be observed, if accurately 
attended to. Yet the clavarias were once re- 
garded as zoophytes, 'and are arranged by 
Millar in the same division as the corals and 
corallines.* 

M. de Mirbel, in his very excellent treatise 

* Several species of this genus of fungi have very singular 
properties : thus, the c. ha^matodea has so near a resemblance 
to tanned leather, though somewhat thinner and softer, as to 
be named oak4cather club top, from its being chiefly found 
in the clefts and hollows of oak-trees. In Ireland, It h 
employed as leather to dress wounds with ; and, in Virginia* to 
spread plasters upon. ' * 

There are some cryptogamic plants, and especially among 
the mosses, that can be hardly made to burn by any means. 
Such is the fontinella antipyretica, so called on this very 
account: and which is hence in comuion use fimpng the 
Scandinavians, as a lining for their chimney sides, and the 
inside of their chimnies, by way of preservation. So that here 
we have an approach to mineral instead of to animal sub- 
stances, and especially to the asbestos and other species of 
talcose earths. There is one species of byssus, another curious 
genua of mosses, that takes the specific name of asbestos, from 
this very property. It is found in the Swedish copper mines 
of Westmanudand in large quatnities ; and when exposed to 
a red beat, instead of being consumed, is vitrified. 
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‘ ‘ Oh the Anatomy and IHiysiolo^yy of Planta,*’ has 
endeavoured to lay down a, distinction between 
tliue animal and the vegetable world in the follow- 
ing terms, and it is a distinction which seems to 
be approved by Sir Edward Smith ; “ Plants 
alone have a power of drawing nourishment from 
inorganic matter, mere earths, salts, or airs ; 
Rubstiuices incapable of nourishing animals, 
which only feed on what is or has been organized 
matter, cither of a vegetable or animal nature, 
So tliat it should seem to be tbe office of 
vegetable life alone to transforrar dead matter 
into organized living bodies.”* WItpnee another 
learned Frencli physiologist, M. Ricberand, has 
observed that the aliments by wliich animals are 
nourished arc selected from vegetable or animal 
substances alone j the elements of the mineral 
kingdom being too heterogeneous to the nature 
of animals to be converted into their own sub- 
stance witliout being fii'st elaborated by vegetable 
life j whence plants, says M. Richerand, may be 
considered as the laboratory in which nature 
prepares aliment for aniraals.t 

I concur with these elegant writers ,in 'ad- 
mitting the beautiful and harmonious relation so 
obviously established between minerals, plants 
apd animals ; but it is at the same time impossible 
tb allow ol“ the distinction between vegetable 
and animal life here laid down j because, first, 

M 

* Tratt4‘d’Anatoraie et de Fhysiologie vegetale, !. 

^ Eletnens de Phyaiologie, &c. cap. de 1% Digestion. , 

VOL. 1. N 
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v^etables are by no means nourished exclusively, 
as indeed M. Mirbel himself frankly allows, 
from terrene elements; and secondly, because 
animals are as little nourished exclusively from 
vegetable materials. Among insects, worms, and 
even fishes, there are many tribes that derive by 
far the greater portion of their increase from the 
mineral kingdom alone ; while evbn in man him- 
self, air, water, common salt, and lime, which last 
is almost always an ingredient of common salt, are 
substances indispensable to his growth, and are 
derived immediately from the mineral kingdom. 

In laying down, therefore, a distinctive cha- 
racter for animals and plants, we are compelled 
to derive it from the more perfect of each kind ; 
and to leave the extreme cases to be determined 
by the chemical components eliminated on their 
decomposition. And under this broad view of 
the subject I now proceed to observe, that while 
they agree in an origin by generation, a growth 
by nutrition, and a termination by death ; in an 
organized structure, and an internal living prin- 
ciple ; they difier in the powers with which the 
living principle is endowed, and the effects it is 
capable of exerting. In the plant it is limited, 
so far as we are capable of tracing it, to the 
properties of irritability, contractility, and jiimple 
instincts; in the animal it superadds to these 
properties those of muscularity, sensation, and 
voluntary motion. 

There have been, indeed, and there still are, 
physiologists who,-*— not adverting to the extra- 
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ordinary eflfects which the power of irritability is 
capable of producing when roused by different 
stimulants, and under the influence of an internal 
and all-pervading principle of life, operating by 
instinctive laws and instinctive actions, or those, 
as we shall show hereafter, which are specially 
directed to the growth, preservation, or repro- 
duction of a living frame, or any particular part 
of it, — have conceived plants as well as animals 
to be possessed of sensation and muscular fibres ; 
and as sensation is the result of a particular 
organ, and the organ producing it is connected 
with various others, have at the same time 
liberally endowed them with a brain, a heart, and 
a stomach ; and have very obligingly permitted 
them to possess ideas, and the means of com- 
municating ideas ; to fall in love and to marry, 
and thus far to exercise the distinctive faculty of 
volition. The whole of which, however, is mere 
fancy, grounded altogether upon an erroneous 
and contracted view of the effects of the principle 
of irritability when powerfully excited by the 
influence of light, heat, air, moisture, apd other 
causes. 

In reality, such kinds of loves and inter- 
marriages are not peculiar to plants, but are 
common to all nature : they exist between atom 
and atom, and the philosopher calls them attrac- 
tions; they exist between congeries and con- 
geries, and the chemist calls them affinities ; they 
exist between the iron and the loadstone, and 
eyery one denominates them magnetism. Nor 
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let it be said that in those cases of mutual union 
we have nothing more than a mere aggregation 
of body ; for we have often a third substance 
produced, and actually generated, as tlie result of 
such union, far more discrepant from the parent 
substances both in quality and feature than are 
ever to be met with in vegetable or animal life. 
Thus if an acid be married to an alkali, the 
progeny brought forth will be a neutral salt, 
possessing not the remotest resemblance to the 
virtues of either of its parents. In like manner 
if alkohol be married to any of the morepowerful 
acids, and the banns be solemnized over an altar 
of fire, but not otherwise, tlie oflspring engeh- 
dered will be a substance called ether, equally 
unlike botli its parents in its disposition. But 
the form or features are as frequently changed 
as the temper. Thus, if we unite olive oil, which 
is a liquid, with some of the oxydes of lead which 
are powders, the result is neither a liquid nor a 
powder, nor a medium of the two, which would 
be a paste, but the hard adhesive plaster usually 
called diachylon. So, again, if muriatic acid, 
which is a liquid, sport in dalliance with the 
volatile nymph ammonia, which is an invisible 
gass, the fruit of their embraces will be still 
more extraordinary in point of form, for the gass 
and the liquid will engender that &olid substance 
commonly known by the name of sal ammoniac, 
or, in the new nomenclature, muriate of ammonia. 
In like manrfer our common smelling salts, or 
carbonate of' ammonia, though a hard concrete 
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crystallization, are the mere result of the union 
of two invisible gasses, ammonia and carbonic 
acid gass, or fixed air ; and which, having duly 
paid their court to each other, give birth to this 
solid substance. 

But in all this it may be said that we have no 
instance of a multiplication of species ; nor in 
reality of any thiftg more than the production 
of a third substance, issuing, like the fabled 
pliamix of antiquity, out of the ashes or decom- 
position of the parent stock ; yet in many cases 
we have instances of multiplication also — and 
il)i^tauces far more exlraofllinary and far more 
prolific than are ever to be found in the 
multiplication ol' cither animals or vegetables. 
Such especially arc those wonderful increases 
tliat occur in the case of ferments and of 
contagions. A few particles of yeast lying 
dormant in a descii-sjioou are introduced into a 
barrel of beer, or of any other fermentable fluid, 
and in a few hours .propagate theii kind through 
the largest vessel that was ever manufactured; 
so that at length every particle of the fluid is 
converted into a substance of their own nature. 
A few pestilential miasms are thrown forth from 
a stagnant marsh or a foul prison, and give 
birth instantaneously to myriads and myriads of 
the same species of particles, till the atmosphere 
becomes imjiregnated' with them through a range 
of many miles in diameter. Two or three par- 
ticles of the matter of plague are packed up in 
a bag of cotton at Aleppo, and are many months 

N 3 
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afterwards set at liberty in Great Britain. Aid nt 
iby the stimulus of the air, they instantly set to 
work, and procreate so rapidly that the whole 
country in less than a week is laid prostralt' by 
the enormity of their increase. 

Now the terms loves ami maniages will just 
as well apply to all these as to the vegetable 
creation. The cause of the respective unions, and 
of the changes that take place in consequence 
of such unions, are in both cases nothing more 
than elective attractions: in the mineral and 
gasseous kingdoms produced by what chemists 
have denominated the principle of affinity, and 
in the vegetable b} whai physiologists have called 
the principle of irritability , a ]>rinciple far 
nicer and nobler and more delicate than that of 
affinity, and under the influence of an internal, 
an albpervading and identifying vital jiower, 
qapable, as diflPerently excited by different stimu- 
lants, of producing far nicer and nobler, more 
delicate and more compliqatcti effects j but 
which in itself is not more different from the 
principle of affinity than it is from that of 
iensation. 

No experiment or observation has hitherto 
proved vegetables to be possessed of any higher 
powers than those of irritability, contractility, 
and those instinctive energies which we sh^l 
hereafter show are dependent upon the principle 
of life. 

It i.s almost superfluous to observe, in mis 
place, that there are also powers and fttculties of 
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n nni(;h higher character than any I have yet 
noticed, apj)ertaining to the nobler ranjts of 
animals ; for at present I am only pointing out 
the leading charactci» by which animals in 
general may be distinguished from vegetables in 
general, and shall have sufficient opportunities, 
as we proceed, of adverting to ti»ese additional 
faculties, and of investigating their respective 
excellencies. 

Our immediate concern, then, is with vegeta- 
ble life; its general laws, structure, and pbm« 
nomena. And upon this subject I shall touch 
as briefly as possible, intenclim>; it as a mere 
vestibule, or introduction to the more important 
-•tudy of animal jdnlosophy. 

Plants, then, like anima’ , as I have already 
obsert ed, are produced by generation, and through 
the medium of ova, or eggs. The exceptions to 
this common rule are tew, and they occur equally 
in both kingdoms. 'Phe egg of the plant is its 
seed ; a doctrine not of modern origin, but taught 
and understood quite as eh'arly, and with as 
dost a reference to the rise of animal life, by 
the ancients, as in ihe present day. * The seed is 


*aJOTOx«t irpuiof 

Empedoclei* 

So plant$« like animals^ uprise to air. 

And in green eggs young olives olives bear. 

And upon this beautiful verse, which he has preserved as a 
fragment, Aristotle remarks, n yip huV*- 
<»vrou to ^vov. For the egg is the conoep^H|M)s ahd 

the same maimer the animal i» created*** De Oemrat 
./feiiaeK# u 23* 
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sometimes naked, but more generally covered 
with a pericarp, whence plants become naturall} 
divided into the two grand arrangements of gym- 
nospermous> and angiospcrmous. The pericarp 
is of various forms and structures ; and of these 
the more common are the legume, silique, or 
silicle, being merely varieties of what, among 
Ourselves, is denominated in popular language 
cod or pod j the loment, which is a kind of pod 
not so frequent as either of the former, but of 
which we have an instance in the mimosas and 
the cassia Fhtulu} tlic pome or core-apple, of 
which we have instances in the common apple 
and the pear ; the drupe, or stonc-apple, in- 
stances of which occur to us in the plum, cherry, 
and almond ; the glume or chaff ; the berry j the 
acinus or conglomerate berry, as in the rasp ; 
the nut; and the capsule. * 

Stripping off this outer covering, we find the 
seed to consist internally of a corculvm, or heart, 
let, and externally of a fleshy or parenchymatous 
substance, surrounded with a double integument, 
sometimes single, sometimes bifid, and some- 
times more than bifid ; and hence denominated 
monocotyledonous, dicotyledonous, polycotyle- 
donous. In popular language these are called 
seed-lobes, or seed-leaves ; and in the pha^eolus 
indgaris^ or common kidney-bean, we bavq as 
striking an instance as in any plant, and which 

k ft. 

* Compare Kmght’s general theory of vegetable physiology. 
Horticultural XrauBRdtrons, \*oL i, p, ^ 17 , ^ith Niebolaoh'a 
Jourhat, vol. xxxii p- 350. 
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every one must have noticed, just peeping in 
two distinct segments ehove tlie ground^ as soon 
as the seed has begun to germinate. It was very 
generally supposed formerly, and is still sup- 
posed by some botanists, that the seeds, of 
various orders of plants, as the mosses, fungi, 
and algae, are acotyledonous, or totally destitute 
of a cotyledon of any kind. But as many, per- 
haps most, plants of this kind have of late been 
found to possess some such parenchyma, we 
have great reason for believing that this organ is 
universal, and that there is no such tiling as an 
acotyledonous seed in the whole vegetable 
kingdom. In reality, tlie cotyledon appears 
absolutely necessary for tJie germination and 
future growth of the seed, and may hence be 
denominated its lungs or placentule. Like the 
perfect plant, it possesses lymphatics and air- 
vessels. Through the former of these it absorbs 
the moisture of the soil into which it is plunged, 
decomposes a part of it into its elementary 
principles, and conducts those principles, toge- 
ther with the undecomposed water, to the corcle 
or heartlet, which becomes stimulated to the 
process of germination by the oxygene thus set 
at liberty. 

Mrs. Ibbetson has attempted to prove that 
the cotyledon is of no use whatever for the pur- 
pose of nourishment } which, according to her 
observations, is only conveyed *to the corcle by 
what she calls a system of nourishing vessels, 
altogether distinct from the cotyledon. It is 
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not very olear.'lbiowotwr, what is here meaht by 
nourishing ‘ vesselji j: dor can tra for ft)^oment 
admit that so Ihtge' an organ as the cotyledon, 
and*{^parently so important, can be designed 
for no other office, than merely, as this lady 
conjectures, to screen the primordial leaves 
from the light and air on their first formation, * 

According to Mr. Mirbel’s experiments, as 
detailed in the Memoirs of the National Institute, 
the soil and the albumen in the cotyledon are 
both concerned in the developement of the 
germ j an^ both continue to contribute conjointly 
till the albumen is entirely absorbed : at which 
time the plant has strength enough to derive 
from the soil or the atmosphere the nourish- 
ment it requires from this period. In this re- 
spect the albumen of the cotyledon corresponds 
with the vitellus of the hen's egg. 

In marine plants that are destitute of a radicle, 
as the water caltrop (trapa natans), the germ 
must necessarily be supported in the first in- 
stance by means of the cotyledon. 

It is the corcle which is the true punctim 
saltern of vegetable life, and to this the coty- 
ledon is subservient. The corcle cbnsists of 
two parts, an ascending and a descending ; the 
former called its plumule, which gives birth to 
the trunk and branches j the latter nSmed its 
rostel, which gives birth to the root and radicles. 
The position of the corcle in the seed is always 


* Nicholson’s Journal, vol. xxvU, 9. 
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in the vicinity of the hilum or eye, which is a cica- 
trix or umbilicus remaining after the s^aration 
of the Jmis or Umbilicai cord from the pericarp, 
to which' the seed has hereby been attached. 
The first radicle or germinating branch of the 
rostel uniformly elongates, and pushes into the 
earth, before the plumule evinces. any change." 
Like the cotyledon, the radicles consist chiefly 
of lymphatics and air-vessels, which serve to 
separate the water from the soil, in order 
that the oxygene may be separated from the 
■ water. 

Hence originates the root, unquestionably the 
most important part of the plant, and which in 
some sense may be regarded as the plant itself : 
for if every other part of the plant be destroyed, 
and the root remain uninjured, this organ will 
regerminate and the whole plant be renewed ; 
but if the root perish, the plant becomes lost 
irrecoverably. Yet there are various phsenomena 
in vegetable life that manifest a smaller dif&rence 
in the nature of the root and the trunk, than we 
should at first be induced to suppose ; for 
Willoughby observed, more than a century and 
a half ago *, that in several species, and especially 
those of the prunus and salix, cherry and willow 
tribCSiM if the stem branches be bent down to the 
eartbi plunged into it, and continued in this 


* PhU. Tninsi year 1669, ir. p. 963. — 1670, v. p. 1165. 
1168. 1199 — 1671. vi. P.2J19; 
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situation for a few months, these branches wUI 
throw forth radicles j and if, after this, the 
original root be dug up, and suffered to ascend 
into the air, so that the whole plant become 
completely inverted, the original root will throw 
forth stem-branches and bear the wild fruit 
peculiar to its tribe. The jj^izophora Manghy 
or mangrove-tree, grows naturally in this man- 
ner j for its stem-branches, having reached a 
certain perpendicular height, bend downwards 
of their own accord, and throw fortli root- 
branches into the soil, from which new trunks 
arise, so that it is not uncommon, in some parts 
of Asia and Africa, to meet with a single tree of 
this species covering the oozy waters in which it 
grows with a forest of half a mile in length. 
The ficus Indica, or banyan, grows in the same 
manner, and often with enormous trunks, equally 
derived from a primary root. Tiie largest tree 
of this kind known to Europeans, is on an island 
in the river Nerbedda in the Guzzcrat, distin- 
guished in honour of a Bramin, of high reputa- 
tion, by the name ofCubbeerBur. High floods 
have destroyed many of its incurved stems, yet 
its principal stems measure two thousand feet in 
ciixumference, the number of its larger trunks, 
each exceeding the bulk of our noblest oalft, 
amount to three hundred and fifty, while tiiat.of 
its smaller are more than three thousand} so 
that seven thcaisand’ persons may find as^iple 
room to repose under its enormous shade^/l^jid 
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may at the same 4:ime be richly supplied from the 
vast abundance of fruit which it yields in its 
season. 

The solid parts of the trunk of the plant con- 
sist of CORTEX, cuticle, or outer bark ; liber, 
CUTIS, or inner bark; alburnum, or soft wood ; 
LIGNUM, or hard wgod and medulla, or pitln 
Linneus gave tlie name of medulla to the pith 
of plants, upon a supposition that it had a near 
resemblance to the medulla spinalis of quadru- 
peds. A closer investigation, ho’wever, has 
since proved that this resemblance is very faint, 
and that the pith or medulla of vegetables 
consists of nothing more tluin a mere spongy 


* There is a cuiious paper of Count Rumford\s mentioned 
among the Ubours of the French Imperial Institute for 181 2> 
upon the chemical pioperties of the different parts entering 
into tlie composition of the trunk of trees, foi an account of 
which see also Thomson’s Annals of Philos, vol. i. p. 380. 
By a variety of experiments Count Rumford was led to this 
singular conclusion, that the specific gravity of the solid 
matter which constitutes the timber of wood is almost the same 
in all trees. By the same means be determined that the 
woody part of oak in full vegetation is only four-tenths of the 
whole. Air constitutes one-fourth of it, and the rest consists 
in sap. Light woods have still a much less quantity of solid 
matter : but the season of the year and the age of the tree 
occasion considerable variations. Ordinary dry wood contains 
about oue-fourth of its weight of water. Even the oldest 
wood, though in the state of timber for ages, never contains 
less than one-sixth of its weight of water. All absolutely 
dry woods give from 42 to 43 per cent, of charcoal ; whence 
he conclude$, that the ligneous matter is identic in all 
woods. 
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cellular substance, forming indeed an admirable 
reservoir for moisture ; and hence of the utmost 
impoitance to young plants, >vhich, in consc" 
quence of their want of leaves and branches 
whose surfaces are covered with the bibulous 
mouths of innumerable lymphatics, would other- 
wse be frequently in danger ( ^p erishing tlirough 
absolute drought ; but grad^ly of less use as 
the plant advances in age, and becomes possessed 
of these ornamental appendages ; and hence, 
except in a* few instances, annually encroached 
upon, and at length totally obliterated by the 
surrounding lignum. 

All these lie in concentric circles j and the 
trunk enlarges, by the formation of a new liber 
or inner bark every year ; the whole of* the liber 
of one year, excepting indeed its outermost 
, layer, which is transformed into cortex, becoming 
the alburnum of the next, and the alburnum 
becoming the lignum. Such, at least, is the. 
common theoiy, and which seems to be well 
supported by the experiments of Malpighi and 
Grew : but it has lately been controverted by 
Mr. Knight, who contends, that the liber has no 
concern in the formation of new wood, whk^ 
proceeds from the alburnum alone, a new layer of 
albtnnum being formed for this purpose annually. 
I cannot discuss the argument at present: nor 
is it of any great importance ; sinc'e, under eitlier 
system, it is obvioiis that a mark of anyMnd, 
which has penetrated through the outer into the 
inner bark, must in a long process of years be 
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comparatively transferred to the central parts of 
the trunk. On wfeich account we often find» in 
felling trees of great longevity, a.s an oak* for 
example, the date of very remote national aeras, 
and the initials of monarchs who flourished in 
very early periods of our national history, 
stamped in the v^ heart of the timber on its 
being subdivided,^ 

Some of these memorials are very curious, and 
M. Klein, the well-known Secretary of Dantzic, 
has given various examples in hb letter to Sir 
Hans Sloane, bart., the President of the Royal 
Society. * One of these consists of a long series 
of letters discovered, in 1727 » in the trunk of a 
full-grown beech, near Dantzic, in land belong- 
ing to the family of Daniel Berckholtz. The 
letters D. B, were chiefly conspicuous in the 
solid wood ; the wood towards the bark, and that 
towards the heart, that is, in each extremity, 

bearing not the least trace of letters.** M. 
Klein relates another example from the £phe<- 
merides of Natural Curiosities t, recorded by 
Joannes Myerus. It consists of a thief hanging 
from a gibbet, apparently drawn bynature*s own 
pencil in the timber of a beech-tree ; as also the 
figure of a crucified man, found in a tree of the 
same kind ; and that of a chalice with a sword, 
perpendicularly erect, sustaining a crown on its 


* jWia. Tra<», for \m, rol. xli. p, 231. 

t Sflieta. N)ftt €ar. decad. iH.«an. «. obs. 29. 



m 


ON ORGAN^ZCl) BOOILS, 


point ; which was preserved at the Hague, and 
had been seen by liiinself. 

Such marks were formerly attributed to mira- 
culous intervention, or rcgai'ded as maneHous 
sports ©f nature : bOt the liints now offered will 
easily explain their origin. 

Foreign substances have often been found 
imbedded in the same way, having at one lime 
been sunk into the inner bark, or penetrated it 
by a wound or otlier excavation, and afterwards 
covered over with now annual growths of liber 
and alburnum. Thus Sir John (.’lerk gives an 
account of a horn of a large deer which was 
found in the heart of an oak in "Whinfield Park, 
Cumberland, fixed iu the timber with large iron 
cramps, with which, of course, it had been 
fastened on.* And we are hence able to account 
for the occasional detection of a capricorn 
beetle t, or other insect which has been found in 
the centre of a trunk, the animal having crept 
into an accidental cleft, and either died there 
naturally, or been arrested and imprisoned by 
the secretion of the matter of new inner bark 
while in the torpitude of its aurelian state. And 
hence, indeed, the cause of the very wonderful 
phenomena of toads or frogs being at times 
found in a like situation ; having in the same 
way been impacted in the hole or crack into 


Phil. Ti«ns. for 1740, vol, xli. p. 41«, 
Id. 1741, vol. xH. p. WOl. 
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which they had crept, by the^ glutinous fluid of 
the inner bark, during sickness or a protracted 
winter sleep. Some of these are found alive 
when the tree is cut down, deriving both air 
and nutriment enough from the surrounding 
vessels of the tree during their imprisonment. 
In the Memoirs of the Paris Academy there is 
an example of a toad found in a tree that was 
proved to be a century old.* 

As the series of concentric circles, produced 
in the trunk of a tree by the growth of every 
year, are still visible alter the conversion of 
every other part into lignum, or hard wood, we can 
trace its age with a considerable degree of cer- 
taitity, by allowing a year for every outer circle, 
and about two or three years for the complete 
lignification of the iniiermost.t 

Independently of these more solid parts of the 
trunk or stem, we generally meet with some 
portion of parenchyma and cellular substance, 
and always with the different systems of vege- 
table vessels disposed in one common and uni- 
form arrangement. The lower orders of plants, 
indeed, such as the annuals and biennials, consist 
almost exclusively of parenchyma or cellular 

* Mem. de I’Acad. Par. 1731, p 24. 
f The palms form an exception to this general rule, pos- 
sessing neither proper bark, nor fascicles of vessels displayed in 
any circular form : the bark being produced by a remnant of 
the leaves, and the vessels running in a straight line without 
regular order, and surrounded by cellular substance. 

VOL. r. o 
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substance, with inner and outer bark, and 
the respective vessels of the vegetable system. 

These vessels are adducent and reducent, or 
arteries and veins, lacteal or sap-vessels, and 
lymphatics. Many of these may be seen by the 
naked eye, and especially the sap-vessels : and 
the vascular structure of the whole has been 
sufficiently proved by Gessner, by means of the 
air-pump. The reducent or returning vessels 
are stated, by Sir E. Smith, to bring back the 
elaborated sap from the leaves to the liber for 
the new layer of the existing year.* 

The lymphatics lie immediately under the 
cuticle and in the cuticle. They anastomose in 
different ways through their minute interme- 
diate branches, and, by surrounding the aper- 
tures of the cuticle, perform the alternating 
economy of inhalation and exhalation. Their 
direction varies in different species of plants, 
but is always uniform in the same species. 

Immediately below these . lie the adducent 
vessels or arteries ; they are the largest of all 
the vegetable vessels, rise immediately from the 
root, and communicate nutriment in a perpen- 
ilicular direction ; and, when the stem of a plant 
is cut horizontally, they instantly appear in 
circles. Interior to these lie the reducent ves- 
sels or veins j which are softer, more numerous, 
and more minute than the arteries; and in young 

* Introd. to Botany, p, 56, See also Wiltlenow’s Intod. 
p, 236 
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shoots run' down through the cellular texture 
and the pith. Between the arteries and veins 
are situated the air-vessels, as they were formerly 
called } but which Dr. Darwin and Mr. Knight 
have sufficiently succeeded in proving to con- 
tain, not air in tlieir natural state, but sap.* 
They se6m to be the true genuine lacteals 
issuing from the root, as, in animals, they issue 
from the villous coating of the intestinal canal. 
They are dfelicate membranous tubes, stretching 
in a spiral direction, the folds being sometimes 
close to each other, and sometimes more distant, 
but generally growing thicker towai*ds the root, 
and especially in ligneous plants. These ves- 
sels also are very minute, and, according to 
numerous observations of Hedwig made with 
the microscope, seldom exceed a 290th part of 
a line, or a SOOOth part of an inch in diameter. 

The lymphatics of a plant ma)^ be often seen 
with great ease by merely stripping off the cu- 
ticle with a delicate liand, and then subjecting 
it to a microscope ; and in the course of the 
examination we are also frequently able to trace 
the existence of a great multitude of valves, by 
the action of which the apertures of the lym- 
phatics are commonly found closed.f Whether 
the other systems of vegetable vessels possess the 
same mechanism, we have not been able to de- 

* See Smith's Introd« p. 47 . 

f This seems to acquire additional probability fmnti 
Mr. Knight’s experiments. See Phil. Trans. 1B04 ; and 
Thomson’s Chemistry, v. .385. Sec Wild. p. 236. 

o 2 
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termine decisively j the following experiment, 
however, should induce us to conclude that they 
do. If we take the stem of a common balsa- 
mine *, or of various other plants, and cut it 
horizontally at its lower end, and plunge it, so 
cut, into a decoction of Brazil wood, or any 
other coloured fluid, we shall perceive that the 
arteries or adducent vessels, as also the lacteals, 
will become filled or injected by an absorption 
of the coloured liquor; but that the veins, or 
rcducent vessels, will not become filled; of 
course evincing an obstacle, in this direction, to 
the ascent of the coloured fluid. But if we in- 
vert the stem, and in like manner cut horizon- 
tally the extremity which till now was upper- 
most, and plunge it so cut into the same fluid, 
we shall then perceive that the veins will become 
injected, or suffer the fluid to ascend, but tliat 
the arteries wyi not : proving clearly the same 
kind of obstacle in the course of the arteries in 
tliis direction, which was proved to exist in the 
veins in the opposite direction ; and which 
reverse obstacles we can scarcely ascribe to any 
other cause than the existence of valves.t 

By this double set of vessels, moreover, pos- 

* Imjutient) hahamuui — This is the plant recommeudej 
t»j BI. Wildcnow for this purpose, as affording the clearest 
u'sults. 

\ Yet Hales and Duliatnel seem to have shown, that in the 
sap-vessels no valves exist ; and that branches imbibe moisture 
nearly equally at either end. See Thomson’s Chemistry, v. 
385 ; an assertion, however, opposed by various facts. See 
iNo Smith’^ Introd. p. 57. 60, 
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sessed of an opposite power, and acting in *an 
opposite direction, the one to convey the sap or 
vegetable blood forwards, and the other to bring 
it backwards, we are able very siifficiently to 
establish the phajnomenon of a circulatory sys- 
tem ; and, according to several of the experi- 
incnts of M. Wildenow, it seems probable that 
this circulatory system is maintained by the pro- 
jectile force of a regular and alternate contrac- 
tion and dilatation of the vegetable vessels. Yet 
the great minuteness of these vessels must ever 
render it extremely difficult to obtain any thing 
like absolute certainty upon this subject. Even 
in the most perfectly established circulatory sys- 
tems of animals, in man himself^ it is not once 
in five hundred instances that we are able to 
acquire any manifest proof of such a fact: we are 
positive of the existence of an alternating systole 
and diastole in the heart, from the pulsation 
given to the larger arteries when pressed upon ; 
but no degree of })ressure produces any such 
pulsation in the minuter arteries, at least, in a 
healthy state ; yet we have full reason to believe 
that the same action of the heart extends to the 
minutest as to tlie largest arteries. How much 
less, then, ought we to expect any full demon- 
stration of this point in the vessels of vegetables, 
in every instance so much more minute than 
those of the more perfect animals, and seldom 
exceeding, as I ha^ e already observed, a three 
thousandth part of an inch in diameter ! 

It becomes me, however, to confess, that no 
o 3 
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experituents which have hitherto been made have 
detected the existence of either motific or sen- 
sific fibres themselves in yegetables, although 
very high degrees of galvanic electricity have 
for this purpose been applied to the most irri- 
table of them, as the dionsea mmcifula^ or Venus 
fly-trap ; oxalis sensttim ; different species of 
drosera, or sun-dew ; acacias of various kinds, 
and other mimosas ; and especially the mimosa 
pitdica, and sensitwa, the common sensitive 
plants of our green-houses. Humboldt has 
uniformly failed ; Rafh appears to have suc- 
ceeded in one or two instances, but his general 
want of success prevents us from being able to 
lay any weight on the single case or two in 
which he seems to have been more fortunate. 

It should be observed, that the matter of 
fibrine, or the principle of the muscular fibre, for- 
merly supposed to exist exclusively in animal 
substances, has lately been detected by M. Vau- 
quelin in vegetables also. Dr. Hales cut off the 
stems of vines in the spring, and by fixing tubes 
on the stumps, found that the sap rose in many 
instances to the height of thirty-five feet. Tubes 
have been fixed to the large arteries of animals, 
as near as possible to the heart, in which the 
blood did not rise higher than nine feet. 

It has long been admitted by botanists in 
general, that the thorns of plants are abortive 
branches ; the scales of buds have, in like manner, 
been regarded as transformed leaves ; and it has 
lately been conjectured by M. De Candolle, that 
5 
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their petals are not special organs, but stamens 
in an abortive or transformed state.* 

Plants are also possessed of cutaneous secern- 
ents or perspiratory vessels j and in many 
plants the quantity of fluid thrown ofi* by this 
emunctory is very, considerable. Keil, by a 
very accurate set of experiments, ascertained 
that in his own person he perspired 31 ounces 
in twenty-four hours. Hales, by experiments 
equally accurate, determined that a sun-flower, 
of the weight of three pounds only, throws ofl' 
22 ounces in the same period of time, or nearly 
half its own weight. To support this enormous 
expenditure it is necessary that plants should 
be supplied with a much larger proportion of 
nutriment than animals ; and such is actually 
the fact. Kcil ate and drank 4 lb. 10 oz. in the 
twenty-four hours. Seventeen times more nou- 
rishment was taken in from the roots of the sun- 
flower than was taken in by the man. 

■ Plants, nevertheless, do not appear to have the 
smallest basis for sensation, admitting that sen- 
sation is the result of a nervous system ; and 
we are not acquainted with any other source 
from which it can pi-oceed: notwithstanding 
that Percival and Darwin, as already observed, 
have not only endowed them with sensation, but 
with consciousness also j and the latter, indeed, 
with a brain, and the various passions and some 
of the senses to which this organ gives bu:th.t 

* Mem. de la Society d’Arciieil, tom. iu* 

t WUdenow, Prlntnp. of § 226. 

o 4 
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Yet though the vessels of plants do not appear 
to possess any muscular fibres, we have evident 
proofs of the existence of a contractile and irri- 
table power from some other principle ; and a va- 
riety of facts concur in making it highly probable 
that it is by the exercise of such a principle that 
the different fluids are propelled through their re- 
spective vessels : nor is there any other method 
by which such propulsion can be reasonably 
accounted for. Grew ascribed the ascent of the 
sap to its levity, as though acting with the force 
of a vapour: Malpighi, to an alternate contrac- 
tion and dilation of the air contained in what 
he erroneously conceived to be air-vessels : Per- 
rault, to fermentation : Hales and Tournefort, to 
capillary attraction : not one of which theories, 
however, will better explain the fact than an- 
other, as Dr. Thomson has ably established ; as he 
has also the probability of a contractile power in 
the different sets of vessels distributed so won- 
derfully over the vegetable frame.* 

That a contractile power may exist independ- 
ently of muscular fibres, we have abundant prooffi 
even in the animal system itself. We see it in 
the human cutis or skin, which, though totally 
destitute of such fibres, is almost for ever con- 
tracting or relaxing upon the application of a 
variety of other powers j powers external and 
internal, and totally different in their mode of 
operation. Thus, austere preparations and se* 


* S)st ol Chetn. voL r, p. 388. 1807. 
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verfe degrees of cold contract it very sensibly : 
heat, on the contrary, and oleaginous prepara- 
tions, as sensibly relax it. The passions of the 
mind exercise a still more powerful effect over 
it : for while it becomes corrugated by fear and 
hon or, it is smoothed and lubricated by pleasure, 
and violently agitated and convulsed by rage or 
anger. 

Yet, could it even be proved that the vessels 
of plants are incapable of being made to contract 
by any power whatever, still should we have no 
great difficulty in conceiving a circulatory sys- 
tem in animals or vegetables without any such 
cause, while we reflect that one half of the cir- 
culation of the blood in man himself is accom- 
plished without such a contrivance; and this, too, 
the more difficult half, since the veins, through 
the greater extent of their course, have to op- 
pose the attraction of gravitation instead of 
being able to take advantage of it. It is in the 
present day, however, a well-known fact, and 
has been sufficiently ascertained by the late 
Dr. Parry of Bath, and on the Continent by Pro- 
fessor Dollinger, that the contractile power of 
the muscular fibres is not called into action even 
by the arteries in the course of the ordinary cir- 
culation of the blood, since, as we shall have oc- 
casion to observe, no increase of size or change 
of bulk of any kind takes place in arteries either 
in the contraction or dilatation of the heart*s ven- 
tricles in a state of health, unless where they aie 
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pitssed upon by th« finger or some other cause 
of resistance. 

In what part of a plant the vital principle 
chiefly exists, or to what quarter it retires during 
the winter, we know not j but we are just as 
ignorant in respect to animal life. In both it 
operates towards every point } it consists in the 
whole, and resides in the whole ; and its proof 
of existence is drawn from its exercising almost 
every one of its functions and effecting its com- 
binations in direct opposition to the laws of che- 
mical affinity, which would otherwise as much 
control it as they control the mineral world, and 
which constantly assume an authority as soon as 
ever the vegetable is dead. Hence the plant 
thrives and increases in its bulk; puts forth 
annually a new progeny of buds, and becomes 
clothed with a beautiful foliage of lungs (every 
leaf being a distinct lung in itself*) for tlie 
respiration of the rising brood ; and with an har- 
monious circle of action, that can never be too 
much admired, furnishes a perpetual supply of 
nutriment, in every diversified form, for the 
growth and perfection of animal life ; while it 
receives in rich abundance, fi*om the waste and 
diminution, and even decomposition of the 
same, the means of new births, new buds, and 
new harvests. 

* On the lea6ng of trees, there is a curious and valuable 
paper in the Swedish Anioenitates AcadciuidsB, vol, iii, art, 46. 
by H*Bdrck, 1753, entitled Veriiatio Arbonmi. 
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In fine, every thing is formed for every thing ; 
and subsists by the kind intercourse of giving 
and receiving benefits. The electric fire that 
so alarms us by its thunder, and by the awful 
etfects of its flash, purifies the stagnant atmo- 
sphere above us ; and fuses, when it rushes be- 
neath us, a thousand mineral veins into metals 
of incalculable utility. New islands are per- 
petually rising from the unfathomable gulfs of 
the ocean, and enlarging the boundaries of orga- 
nized life ; sometimes thrown up, all of a sudden, 
by the dread agency of volcanoes, and sometimes 
reared imperceptibly by the busy efforts of corals 
and madrapores. Liverworts and mosses first 
cover the bare and rugged surface, when not a 
vegetable of any other kind is capable of sub- 
sisting there. They flourish, bear fruit, and 
decay, and the mould they produce forms an 
appropriate bed for higher orders of plant-seeds, 
which are floating on the wings of the breeze, 
or swimming on the billows of the deep. Birds 
next alight on the new-formed rock, and sow, 
with interest, the seeds of the berries, or the eggs 
of the worms and insects on which they have 
fed, and which pass through them without in- 
jury ; and an occasional swell of the sea floats 
into the rising island a mixt mass of sand, shells, 
drifted sea-weed, skins of the casuarina, and 
shells of the cocoa-nut. Thus the vegetable 
mould becomes enriched with animal materials ; 
and the whole surface is progressively cbverecl 
with herbage, shaded by forests of cocoa and 
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Other trees, and rendered a proper habitation 
for man and the domestic animals that attend 
upon him. 

The tide that makes a desolating inroad on 
one side of a coast, throws up vast masses of 
sand on the opposite : the lygeum, or sea-mat- 
weed, that will grow on no other soil, thrives here 
and fixes it, and prevents it from being washed 
back or blown away ; to which the lime-grass *, 
couch-grass t» sanireedt, and various species 
of willow, lend their aid. Thus fresh lands are 
formed, fresh banks upraised, and the boisterous 
sea repelled by its own agency. 

Frosts and suns, water and air, equally pro- 
mote fructification in their respective ways ; and 
the termes, or white ant, the mole, the hampster, 
and the earth-worm, break up the ground or delve 
into it, that it may enjoy their salubrious influ- 
ences. In like manner, they arc equally the minis- 
ters of putrefaction and decomposition ; and liver- 
worts and fungusses, the ant and the beetle, the 
dew-worm, the ship-worm, and the wood-pecker, 
contribute to the general effect, and soon reduce 
the trunks of the stoutest oaks, if lying waste 
and unemployed, to their elementary principles, 
so as to form a productive mould for successive 
progenies of animal or vegetable existence. 
Such is the simple but beautiful circle of nature. 
Every thing lives, flourishes, and decays : every 
thing dies, but nothing is lost : for the great 

^ Elynuis arcnariut,. f Truiciim repenb,, 

t Arundo arennna. 
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principle of life only changes • its form, and the 
destruction of one generation is the vivification 
of the next.* Hence, the Hindu mythologists, 
with a force and elegance peculiarly striking, 
and which are no where to be paralleled in the 
theogonies of Greece and Rome, describe the 
Supreme Being, whom they denominate Brahip, 
as forming and regulating the universe through 
the agency of a triad of inferior gods, each of 
whom contributes equally to the general result, 
under the names of Brahma, Visnu, and Iswara j 
or the generating power, the preserving or con- 
summating power, and the decomposing power. 
And hence the Christian philosopher, with a 
simplicity as much more sublime than the Hin- 
du’s, as it is more veracious, exclaims, on con- 
templating the regular confusion, the intricate 
harmony, of the scenes that rise before him — 

rhesc, as they change,. Almighty Father ! these 
Are but the varied God. The rolling year 
Is full of Thee. 

* See upon this subject the Swedish Amoenitates Acade- 
inicae, voh v. art. 80. by J. H. Hagen, 1757, entitled Natura 
Pelagi, 
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LECTURE IX. 

OK THE GENERAL ANALOGT OP VEGETABLE AND 
ANIMAL LIFE. 

(The subject continued.) 

The perfection of an art consists in the employ- 
ment of a comprehensive system of laws, com- 
mensurate to every purpose within its scope, 
but concealed from the eye of the spectator ; 
and in the production of effects that seem to 
flow forth spontaneou.sly, as though uncon- 
trolled by tiieir influence, and which are equally 
excellent, whether regarded individually, or in 
reference to the proposed result. 

Such is the great art of nature : and he who 
would study it with success must, as far as he is 
able, trace out its various laws, and reduce them 
to generaF principles, and collect its separate 
phaenomena, and digest them into general classes. 
This, in many instances, we are able to do ; and 
in such cases we obtain a tolerable insight into 
the nature of things. But so vast, so unbounded 
is the theatre before us, so complicated is its 
machinery, and so closely does one fact follow 
up and press upon another, that we are often 
bewildered and lost in the mighiy maze, and 
are incapable of determining the laws by which 
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it is regulated; or of arranging tiie phsenomena 
of which it is composed. 

The zoologist, in order to assist his enquiries, 
divides the whole animal creation into 
general heads or classes : as those of mammals, 
birds, amphibials, fishes, insects, and worms. 
Each of these classes he subdivides into orders; 
of each of his orders he makes a distinct section 
for a multitude of kinds or genera ; and each of 
his kinds becomes a still more subordinate 
section for the species or individuals of which 
the separate kinds consist. But he is pei'petu- 
ally finding, not only that many cases in each of 
his inferior divisions are so equally allied to 
other divisions that he knows not how to 
arrange them, but that even his classes or first 
divisions themselves labour under the same diffi- 
culty ; since he occasionally meets with animals 
that by the peculiarity of their construction 
seem equally to defy all artificial method and 
all natural order. Thus the myxine gluthiosa, 
which by Linneus was regarded and ranked as 
a worm, has been introduced by Bloch into the 
class of fishes, and is now known by the name 
of gastrobranchus emeus, or hag-fish. The siren 
lacertina, which was at first contemplated by 
Linneus. as an amphibious animal of a peculiar 
genus, was afterwards declared by Camper and 
Gmelin to be a fish, approaching the nature of 
an eel, and was arranged accordingly. It has 
since, however, been restored from the class of 
fishes to that of amphibials, and is in the pre- 
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sent day believed by various zoologists to be 
nothing ihore than a variety of the lizard. And 
thus the hippopotamus, the tapir, and the swine, 
which by Linndus were ranked in the fiftli order 
of mammals with the horse, are arranged by 
Cuvier with the rhinoceros and the sokostyro, 
that have hitherto formed a part of the second 
ordef. 

The eel, in its general habits and appearance, 
has a near similitude to the serpent ; many of its 
species live out of the water as well as in it ; and, 
like the serpent, hunt for worms, snails, and 
other food, over meadows and marshes. 

The platypus anatinus, or duck-bill, (the orni- 
thorhyncus paradoxus of Blumenbach,) one of 
the many wonders of New South Wales, unites 
in its form and habits the three classes of birds, 
quadrupeds, and amphibials. Its feet, which are 
four, are those of a quadruped j but each of them 
is palmate or webbed, like a wild-fowl’s j and 
instead of lips it has the precise bill of a shoveler 
or other broad-billed water bird ; while its body 
is covered with a fur exactly resembling an 
otter’s. Yet it lives, like a lizard, chiefly in the 
water, digs and bunws under the banks of 
rivers, and feeds on aquatic plants and aquatic 
animals. The viverra or weasel, in several of its 
species, approaches the monkey and squirrel 
tribes ; is playful, a good mimic, and possesses 
a prehensile tail. The flying squirrel, the flyir^ 
lizard, or draco voUins, and especially the bat, 
approach in their volant endowment the buoy- 
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ancy of birds, and are able to fly by winged 
membranes instead of by feathers. The exoce- 
tus volitar^t or flying-fish, and several other 
fishes, derive a similar power from their long 
pectoral fins ; while the troctilus, or humming- 
bird, unites the class of birds with that of insects. 
It is in one of its species, t minimvs, the least 
of the feathered tribes } feeds, like insects, on 
the nectar of flowers alone, and lilce the bee, or 
butterfly, collects it while on the wing, fluttering 
from flower to flower, and all the while humming 
its simple accent of pleasure. Its tongue, like that 
of mauy insects, is missile. When taken it ex- 
pires instantly ; and after death, on account of 
its diminutive size, the elegance of its shape, and 
the beauty of its plumage, it is worn by the 
Indian ladies as an ear-ring. 

Such being the perplexity and seeming con- 
fusion that extend through the whole chain of 
animal life, it is not to be wondered at that we 
should at times meet with a similar embarrass- 
ment in distinguishing between animal life and 
plants, and between plants and minerals. I gave 
a cursory glance at this subject in our last lec- 
ture, and especially in regard to . that extra- 
ordinary division of organized substances which, 
for want of a better term, we continue to deno- 
minate zoophytes ; many of which, as, for exai^le, 
various species of the alcyony and madrepore, 
bear a striking resemblance to crystals, and 
other mineral concretions ; while great numbei s 
of them, and particularly the corals, corallines, 

VOL. I. p 
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and some other species of alcyony, as the sea- 
fig, sea-quince, pudding- weed, and above all the 
stone-lily, (which last, however, is now only 
found in a petrified state,) have Uie nearest 
possible approach to a vegetable appearance. 
Whence, as I have already observed, amongst the 
earlier naturalists, who expressly directed their 
attention to these substances, some I’egarded 
them as minerals, and others as vegetables j and 
it is not till of late Jrears, only, indeed, since it 
has been ascertained that the chemical elements 
they give forth on decomposition are ol' an 
animal nature, that they have been admitted 
into the animal kingdom. 

Among plants, in lik.^^b/anner, we often meet 
with instances of individual species that arc 
equally doubtfifi, not only as to what kind, 
order, or class of vegetable existence they 
belong, but even as to their being of a veget- 
able nature of any kind, till their growth, their 
habits, and their composition are minutely 
examined into. But independently of these in- 
dividual cases, we also perceive, in the general 
principle of action in animal life, that the more 
it is investigated, the more it is calculated to 
excite our astonishment, and to indicate to 
us, so far as relates to the subordinaIte powers 
of the animal frame, the application of one com- 
mon system to both, and to demonstrate one 
common derivation, from one common and 
Almighty Cause. Having, therefore, in our last 
lecture, submitted to your attention a* brief 
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outline of the structure of plants*/* I shall now 
proceed to point out a few of these gcrieral re- 
semblances, and shall endeavour to select thosa* 
which are either most curious or most pro- 
minent.* 

, Plants, then, like animals, are produced by 
ordinary generation ; and though we meet w'ith 
various instances of production by the generation 
of buds and bulbs, or of slips and offsets, the 
parallelism, instead of being hereby diminished, 
is only drawn the closer; for wc meet with just 
as many instances of the same varieties of pro- 
pagation among animals. Thus the hydra, or 
polype, as it is more generally called, the asterias, 
and several spedes of the leecJi, as the hirudo 
viridis, for example, are uniformly propagated 
by lateral sections, or pullulating slips or offsets f ; 
while almost every genus of zoophytic worms is 
only capable of increase by buds, bulbs, or 
layers ; and some of these animals, like the house- 
leek and various grasses, by spontaneous separa- 
tion. In effect, most of the kinds now referred 
to, whether animals or vegetables, may be re- 
garded less as single individuals than as assem- 

* Consult also Mr. Knight's article* Phil, Trans. ISIO, 
past ii. p. 179—181. 

t Thus Aristotle, upon a subject which is generally sup- 
posed to be of modern discovery, ’'iWtj y:if t* x*l »»&*»' 
(scilicet) inojAM SMifoSiiim Swxrau fn'*. “ For, like plants,’ such 

insects also ipaintaln life, after slips or cuttings.” jlnim. 

lib. iv. ell. 8. 

See a variety of other curious instances ip the author’* 
translation of Lucretius, note to b. ii, vest. 880. 
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blages or congeries of individuals ; for in most 
of them' every part exists distinctly of every 
other pait, and is often a miniature of the general 
form. The various branches of# tree offer a 
similar example, and present a striking contrast 
with the various bi'anches of a perfect animal. 
In the latter every distinct part contributes to 
one perfect whole : the arm of a man has no 
heart, no lungs, no stomach j but the branch of 
a tree has a complete system of organs to itself, 
and is hence capable in many cases of existing 
by itself, and producing buds, layers, and other 
kinds of offspring, when separated from the 
trunk. The different parts of the polype are 
equally independent, and are hence equally 
capable of a separate increase. It is owing to 
this principle we are able to graft and.bud : and 
M, Trembley having applied the same kind of 
operation to the animals we are now .speaking 
of, found thajE, by numerous grafts of different 
kinds upon each other, he was enabled to produce 
monsters as wild and extravagant as the most 
visionary poet or fabulist ever dreamed of. 

The blood of plants, like that of animals, 
instead of being •simple is compound, and con- 
sists of a great multitude of compacter corpus- 
cles,, globules for the most part, but not always 
globules, floating 'in a looser and almost diapha- 
nous fluid. From this common current of 
vitality, plants, like animals, secrete a variety of 
substances of different, and frequently of (^posite 
powers and qualities,— -substances nutritive, 

9 
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medicinal, or destructive. And, as in animal 
life, so also in vegetable, it is often observed that 
the very same tribe, or even individual, that in 
some of its organs secretes a wholesome aliment, 
in other organs secretes a deadly poison. As the 
viper pours into the reservoir situated at the 
bottom of his hollow tusk a fluid fatal tp other 
animals, while in the general substance of his 
body he offers us not only a healthful nutriment, 
but, in some sort, an antidote for the venom 
of his jaw : so the jatropha Maniho% or Indian 
cassava, secretes a juice or oil extremely poi- 
sonous in its root, while its leaves are regarded 
as a common esculent in the country, and are 
eaten like spinach-leaves among ourselves j 
though the root, when deprived, by exposure to 
heat, of this poisonoi^s and volatile, oil, is one of 
the most valuable foods in the world, and gives 
bread to the natives, and tapioca as an article of‘ 
commerce. Its staich is like that of the finest 
wheat-fiour, and combined with potatoes and 
sugar, yields a very excellent cyder and perry, 
according to the proportions employed. In like 
manner, while the bark of the cinnamon tree 
(laurus Cinnamomum) is exquisitely fragrant, the 
smell of fbe flowers is highly offfensive, and by 
most persons is compared to that of newly-sawn 
bones, — by St. Pierre to that of human excre- 
ment.* So the cascarilla bark and castor oil are 

* Mr. Marshair« account delivered to ike Rpyai Society. 
Sec Thomson s Annals, Sept, p, 242, 

V 3 
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obtained from plants poisonops in some part or 
other. 

The amyris, in one of its spepies offers the 
balm-of-Gilead tree ; in another, l^^e gum-elemi 
tree ; and in a third*, the poison-ash, that secretes 
a liquid gum as black, as ink. It is from a fourth 
species, of this genus, I will just observe as I 
pass along, in order the more completely to fa- 
miliarize it to us, that we obtain that beautiful 
plant which, under the name of rose-wood t, is 
now so great a favourite in our drawing-rooms. 

The acacia nilolica t, or gum- Arabic tree, is a 
rich instance in proof of the same observation. 
Its root throws forth a fluid that smells as 
offensively as asafoetida; the juice of its stem is 
severely sour and astringent j the secernents of 
its cutis exude a sweet, saccharine, nutritive gum, 
the common gum-Arabic of the shops, and its 
flowers diffuse a highly fragrant and regaling 
odour. So the Arcnga palm produces sugar, an 
excellent sago, and a poisonous juice that even 
irritates the skin. 

But perhaps the laurus, as a genus, offers us 
the most extensive variety of substances of 
different qualities. This elegant plant, in one of 
its species, gives us the cinnamon tiee§j in 
another, the cassia, or wild cinnamon ||; in a 
third, the camphor tree ^ j in a fourth, the 

A, ioxifera* t bahanufera* J Mimosa niloika, Linn. 

§ L. Cmnauioniunt, jt L. (Jmki, ^ L. Camphora. 
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alligator-pear * ; in a fifth, the sassafras t j iu a 
sixth, a sort of gum-Bcnjamin t, though not the 
real gum-Benjaniin, which is a styrax j while In 
a seventh, th# 1. eaustica, it exhibits a tree with 
a sap as poisonous as that of the manchinceh 
And truly extraordinary is it, and highly 
worthy of notice, that various plants, or juices of 
plants, which are fatally poisonous to some 
animals, may not only be eaten with impunity 
by others, but will afford them a sound and 
wliolesome nutriment. How numerous are the 
insect tribes that feed and fatten on all the 
species of euphorbia, or noxious spurge ! The 
dhanesa, or Indian buceros, feeds to excess on 
the nux vomica j the land-crab § on the berries of 
the hippomane or manchincel-trec, and the loxia 
(grossbeak) of the Bahamas on the fruit of the 
amyris toxfjem, or poison-ash. I1 The leaves of 


" L. Perseu. |- L. Sassafras. 

} L# Benzoin. ^ Cancer Huncoki. 

ll ^ee on this subject the following curioiKS papers m 
the Swedish Amocnitates Acadeuiicse, \o!. ii, art. 25. par 
Sueisensj by N, L. llesaelgreu. The same subject continued 
by G, F. Tengmalon* Amceu. Acad. vol. x. art. x, Uaus Hiato- 
riae Naturalis, by M. Aphonin, art. 147* Id. in respect to 
bird8> entitled Avium doinesticaruni, by P. Holmbcrgetij, 
p. 481. art. 163. 

It is also well worthy of remark, that various herbaceous 
plants which spring up among others that are esculent^ }et arc 
rejected by cattle when offered alone, give a higher relish and 
even ^siilubritjr to the fodder with which they aro intermixed. 
Thi^, as hir J, K. Smith has admirably observe^ 5$ particularly 
the case with the grasses. As man cannot live on tustclcas 

p4 
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of the kalmia latifoUa are feasted on the deer 
and the round-liorned elk, hut are mortally 
poisonous-td sheep, to horned cattle, to horses, 
and to man. The bee extracts fconey without 
injury from its nectary, but the adventurer vrho 
partakes of that honey after it is deposited in 
the hive-cells fells a victim, to his repast. 

There are some tribes of animals that exfoliate 
tlieir cuticle annually, such as grass-hoppers, 
spiders, several species of crabs, and serpents. 
Among vegetables we meet with a similar varia- 
tion from the coramonrule, in the shrubby cinque- 
foil*, in digen<jus to Yorkshire, and the plane-tree 
of the West Indies t, whicli most readei's know 
sends fortli every spring new colonies by means 
of runners, as we usually denominate them, in 
every direction, that, shortly after they have 
obtained a settlement for themselves, break ofl‘ 
all connection with the parent stock. 

Among animals, some are locomotive or 
mig|fttory, and others stationary or permanent j 
the same variety is to be traced among vegetables- 
Unquestionably the greater number of animals 
:u'e of the migratory kind, yet in every order of 


iinitiiKecI flonr alone, so neither can cattle in genera! be supported 
by niet« grass, without the addition of various plants, in 
themselves tov acid, bitter, salt, or narcotic, to be eaten nn- 
mixed. Spices end a portion of animal food supply us with 
the requisite stimulus or additional nUtriipent, as the ranon-t 
cuius tribes, and many others, season the pa^urage and fodder 
of cattle.” Kng/. Flora, vol. L 

■ •>' Poientilla f FhAnam ncadentulU. 



VEGETABLE ANi> ANIMAL LIFE.' ^7 

worms vfe meefc with some instances that 
naturally appertain to the latter, while almost 
every genus and species of the Eoopbytic order, 
its miUeporeainnadrepores, tubipores, gorgonias, 
isises* corallines, and sponges, can only be in- 
cluded under it. Plants, on the contrary, are 
for the most part stationary, yet there are many 
that are fairly entitled to be regarded as loco- 
motive or migratory. The natural order senti- 
cosAs, the icosANDRiA poLYOYNiA of the sexual 
system, offers us a variety of instances, of which 
the Ji'agaria or strawberry genus may be selected 
as a familiar example. The, palmate, the tes- 
ticular, and the premorse rooted tribes afford us 
similar proofs : — ^inany of these grow from a new 
bulb, or knob, or radicle, while the old root, of 
wliatever description it may be, dies away j in 
consequence of which we can only conclude 
that the vital principle of the plant has quitted 
an old, dilapidated, and ruinous mansion, to take 
possession of a new one. Insomuch that w^e a 
person, on .the point of travelling to the East 
Indies, to plant the root of an orchis*, or a 
scabious +, in a particular spot in his garden, 
and to search for it in the same spot on his 
return home, he would be in no small degree 
disappointed j and if he were to remain abroad 
long, he must carry his pursuit to half an acre’s 


* Orchis mono^ or laHfoluu 
I ScaWosa mtemf or devils bit. 
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•distauce, for thus far would some of these roots 
perhaps have travelled in a few years. 

The male valisneria sails from shore to shore 
over the water in pursuit of his female. And a 
multitude of sea-plants float through the ocean, 
and having plenty of food wherever they go, send 
out no roots in order to search for it. 

Plants, like animals, have a wonderful power 
of maintaining their proper temperature, what- 
ever be the temperature of the atmosphere that 
surrounds them ; and hence occasionally of 
raising the thermometer, and occasionally of 
depressing it. Like animals, too, they ai’e found 
to exist in most astonishing degrees of heat and 
cold, and to accommodate themselves accord- 
ingly. Wherever the interest or curiosity of man 
has led him into climates of the highest northern 
latitudes ; wherever he has been able to exist 
liimself or to trace a vestige of animal being 
around him ; there, too, lias he beheld plants of 
an exquisite beauty and perfection ; perfuming, 
in many instances, the dead and silent atmosphere 
with their fragrances, and embellishing the barren 
.scenery with their corols. 

It is said that animals of a certain character, 
the cold-blooded and amphibious, have a stronger 
tenacity to life than vegetables of any kind. 
But the assertion seems to have been hazarded 
too precipitately ; for, admitting that the common 
water-newt* has been occasionally found im- 


Luoerta aqua t to*/ ^ 
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bedded in large masses of ice, perfectly torpid 
and apparently fi'ozcn ; and that the common 
eel*, when equally frozen and torpified, is 
capable of being conveyed thousand miles up 
the country, as from St. Petersburg, for ex- 
ample, .to Moscow, in which country, we are 
told, it is a common practice thus to convey it ; 

, and that both, on being carefully thawed, may 
be restored to as full a possession of, health and 
activity as ever ; yet the torpitude hereby in- 
duced can only be compared to that of deciduous 
plants in the winter months ; during which season 
we all know that, if proper care be exercised, 
they may be removed to any distance whatever 
without the smallest inconvenience. 

Plants, again, are capable of existing in very 
high degrees of heat. M. Sonnerat found the 
vitex Agnus castas, and two species of aspalathus, 
on the banks of a thermal rivulet in the island 
of Lucon, the heat of which raised the thermo- 
meter to I74-" of Fahrenheit, and so near the 
water that its roots swept into it. Around the 
borders of a volcano in the isle of Tanna, where 
the thermometer stood at 210% Mr. Forster 
found a variety of flowers flourishing in the 
highest state of perfection ; and confervas, and 
other water-plants, are by no means unfre- 
quently traced in the boiling springs of Italy, 
raising the thermometer to 212° or the boiling 
point. 
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Animals are capable of enduring a beat quite' 
as extreme. Air has often been breathed by the 
human species with impunity at 264®. Tillet 
mentions its having been respired at 300® j the 
Royal Academy asserts at 307®, or 130° Reaumur, 
in an oven, for the space of ten minutes * j and 
Morantin gives a case at 325° Fahr., and that for 
a space of five minutes. Even in the denser 
medium of water, animals of various kinds, and 
especially fishes, have been occasionally traced 
alive and in health in very high temperatures. 
Thus Dr. Clarke asserts, that in one of the tepid 
springs of Bonarbashy, situated near the Sca- 
mander, or Mender as it is now called, not- 
withstanding the thermometer was raised to 62<> 
Fahr., fishes were seen sporting in the reservoir, t 
So in the thermal springs of Bahia in Brazil 
many small fishes are seen swimming in a rivulet 
that raises the thermometer to 88°, the tempera- 
ture of the air being only 17^^ • iSonnerat, how- 
ever, found fishes existing in a hot spring at the 
Manillas at 158o Fahr. t : and M. Humboldt and 
M. Bonpland, in travelling through the province 
of Quito in South -America, perceived other 
fishes thrown up alive, and apparently in health, 
from the bottom of a volcano, in the course of 
its explosions, along with water and heated 

nUt. de 1’ Acad. Koyale dee. Sciences, 1764, p. 186. li. 16. 
t Travels, part II. Greece, Egypt; and the Holy LAnd, 
pe 111. 4to. ed. 

1: He graduates by Reaumur’s theriaoineter, and cidfiulatca 
the heat i|pon thus at 69°. 
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vapour that raised the thermometer to 210®, being 
only two degrees short of the boiling point. * 

In reality, without wandering from our own 
country, we may at times meet with a variety of 
other phenomena perfectly consonant in their 
nature, and altogether as extraordinary, if we 
only attend to them as they rise before^us. Thus 
the eggs of the musca vomitorioy our common 
flesh-fly, or blcrw-fly, are often deposited in the 
heat of summer upon putrescent meat, and 
broiled with such meat over a gridiron in the 
form of steaks, in a heat not merely of 212°, but 
of three or four times 212° j and yet, instead of 
being hereby destroyed, we sometimes find them 
quickened by this very exposure into their larve 
or grub state. And although I am ready to 
allow that, in the simple form of seeds or eggs, 
plants or animals may be expected to sustain a 
far higher degree of heat or cold with impunity, 
than in tlieir subsequent and more perfect state ; 
yet it cannot appear more extraordinary that in 
such perfect state they should be able to resist a 
heat of 210° or 212°, than that in tlie state of 
seeds or eggs they should be able to exist in, 
and to derive benefit from, a heat three or four 
times as excessive. 

In the vegetable world we mbet with other 
peculiarities quite as singular, and which gives 
them an approach to the mineral kingdom : we 
have already observed that some of them, and 

* Recueil d’ObsemtioDS dc 2oologie et d’Aaatotnie com- 
par^e. 
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especially among the algae and the mosses, 
nearly or altogether incombustible, as the byssus 
asbestos, which, on being thrown into the fire, 
instead of burning, is converted into glass ; and 
the fontinalis antipyretica, a plant indigenous to 
the Highlands, but more frequent in Scandinavia, 
where from its difficulty of combustion it is used 
by the poor as a lining for their chimnies to 
prevent them from catching fire. ■ 

Animals are often contemplated under the 
three divisions of terrestrial, aquatic, and aerial. 
Plants may be contemplated in the same manner. 
Among animals it is probable that the largest 
number consists of the first division ; yet from 
the great variety of submarine genera that are 
known, andfroin nearly an equal variety, perhaps, 
that are not known, this.is uncertain. Amongst 
vegetables, however, it is highly probable that 
the largest number belongs to the submarine 
section, if we may judge from the almost count- 
less species of fuci and other equally prolific 
ti'ibes of an aqueous and subaqueous origin, and 
the incalculable individuals that appertain to 
each species ; and more especially if we take 
into consideration the greater equality of tempe- 
rature which must necessarily exist in the sub- 
marine hills and valleys. 

Many animals are amphibious, or capable of 
preserving life in either element ; the vegetable 
world is notwitKout instances of a siraiiai'power. 
The algae, and especially in the ulva and fucus 
tribes, offer us u multitude of examples. The 
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juiicus, or rush, in many of its species, is an 
amphibious plant ; so, too, is the oryza or rice- 
plant. In other words, all these will flourish 
entirely covered with water, or with their rdots 
alone shooting into a moist soil. 

Animals of various kinds are aerial : perhaps 
the term is not used with strict correctness. It 
will, at least, apply with more correctness to 
plants. All the most succulent plants of hot 
climates are of this description : such are several 
of the palms and of the canes; and the gi’Cater 
number of plants that embellish the arid 
Karro fields of the Oipe of Good Hope.* 
Succulent as they are, these will only grow 
in soils or sands so sere and adust that no 
moisture can be extracted from them, and are 
even destroyed by a fulj^ supply of wet or by a 
rainy season. The Solandra^'Tundi^orn, a Jamaica 
shrub, was long propagated in our own stoves by 
cuttings, which, though freely watered, could 
never be made to produce any signs of fructifica- 
tion, notwithstanding that the cuttings grew 
several teet in length every season. By accident 
a pot with young cuttings was mislaid and 
forgotten in the Kew garden, and had no water 
given it ; it was hereby reduced to its healthy 
aridity, and every extremity produced a flower.t. 

* The only rain that waters this tract is that which fails 
for a few wcehs in the winter; during the hot and fertile 
mouths tiierc is no rain whatever. 

( Smith’s Introduction to Botany &c., p. 141, 
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And hence it'is an opinioh common to mTny 
\)f the ablest physiologists of the present day, 
that these derive the Whole of their nutriment 
from rites snrrotmding atmosphere } and that the 
only advantage which they acquire from thrusting 
thmr roots into stich strata is that of Obtaining 
an erect position. There are some quadrupeds 
tliat appear to derive nutriment in the same 
manner. Thus the bradypus tridaciytus, or sloth, 
never drinks, imbibes by its cutaneous absorb- 
ents,’ and trembles at the feeling of rain j and, 
in common with the bird tribes,^ has only one 
ultimate or excrementary duct ; while the olive 
cavy* avoids water of every kind almost as per- 
tinaciously, as does also the ostrich, which is in 
consequence said by the Arab|i never to drink. 
And yet these are anifUals almost as succulent 
as any we are acquainted with. 

But however true this may be with regard to 
ahimals, we have manifest proofs that vegetables 
oC certain tribes and descriptions are altogether 
supported by the atmosphere that surrounds 
them j for, important as is the organ of a root 
to plants in general, there are several which have 
'no root whatever, and can derive nutriment in 
no other way. The water-caltrop t is an instance 
directly in point. The seed of this plant has no 

* Cavla 4cMchy. Tliis is the more extraordtnat^V because 
the c. Cobatja, or dnnbs freeljr } and t^e c. 

CapybarUf or river cavy, is fond of and diving. 

i Trapa natam. 
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voUel, and consequently can never, in the first 
instance, become rooted. From the homed nut 
or pericarp of the seed, as it lies in water, which 
is its natural element, shoots forth a long plumule 
perpendicularly towards the surface of the 
stream ; during the ascent of which a variety of 
capillary branched leaves shoot forth from the 
sides of the plumule, some of which bend down- 
ward, and fix the whole plant to the bottom by 
penetrating into the soil below the stream ; the 
leaves alone in this late 'stage of germination 
acting the part of a root, and giving maturity to 
the still unfinished plant. The cactus genus, in 
some of its very numerous species, offers us an 
example of similar evolution ; and especially in 
the opuntia tribe, or that which embraces the 
prickly pears or Indian J^s of our green-houses, 
of which the cochineal plant* is one form. Of 
these, several grow by the mere introduction of 
one of their thick fleshy leaves into a soil of 
almost any kind that is sufficiently dry j they 
obtain an erect position, but never root, or shoot 
forth radicles : and hence almost the whole of 
their moisture must necessarily be derived from 
the surrounding atmdsphere. 

Perhaps one half of the fuci have no root 
whatever; many of them, indeed, consist of 
vesicles or vesicular bulbs alone, sessile upon the 
matrix of some stone or shell that supports them, 
and propagate their kinds by ofl^ts, without any 

♦ Cactus coettnelUfer. 

Q 
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other vegetable organs. The seeds of the fucus 
prolifer sometimes evolve notliing but a leaf j 
the plant being propagated also by leaf upon 
leafi either forked or elliptic, without root. 

The aphyteia hj/dnora is a curious instance iu 
point. This plant is equally destitute of leaves, 
stem, and root ; and consists alone of a sessile, 
coriaceous, and succulent flower, eaten as 
a Inxuiy by the Hottentots, and parasitic to the 
roots of the euphorbia Mauritanica j flower pro- 
pagating flower from generation to generation. 

But perhaps the plant most decisive upon this 
subject is the aerial epidendrum *, first, if I mis- 
take not, desciibed by that excellent Portuguese 
phytologist Loureiro, and denominated aerial 
from its very extraordinary properties. This is 
a native of Java and tl^g East Indies beyond the 
Ganges ; and, iu tlic latter region, it is no un- 
common thing for the inhabitants to pluck it 
up, on account of the elegance of its leaves, the 
beauty of its flower, and the exquisite odour it 
diffuses, and to suspend it by a silken cord from 
the ceilings of their rooms ; where, from year to 
year, it continues to put forth new leaves, new 
blossoms, and new fragrance, excited alone to 
new life and action by the stimulus of the sur- 
rounding atmosphere. 

That stimulus is oxygene ; ammonia is a good 
stimulus, but oxygene possesses far superior 
powers, and hence without some portion of 


* Epidcndriim /los aeris. 
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oxygenc few plants can ever be made to ger- 
minate. Hence, too, the use of cow-dung and 
other animal recrements, which consist of 
muriatic acid and ammonia : while in fat, oil, and 
other fluids, that contain little or no oxygene, 
and consist altogether, or nearly so, of Jiydrogene 
and carbon e, seeds may l>e confined for ages 
without exhibiting any germination whatever. 
And hence, again, and the fact deserves to be 
extensively known, however torpid a seed may 
be, and destitute of all power to vegetate in 
any other substance, if steeped in a diluted 
solution of oxygenated muriatic acid, at a tem- 
perature of about 4<6® or 48” of Falirenheit, 
provided it still possess its principle of vita- 
lity, Jt will germinate in a few hours. And 
if, after tliis, it be planted, as it ought to be, 
in its appropriate soil, it will grow with as much 
speed and vigour as if it had evinced no torj)i- 
tude whatever. 

I have said that few plants can be made to 
germinate when the oxygene is small in quan- 
tity, and the hydrogene abundant ; and I have 
made the limitation, because aquatic plants, and 
such as grow in marshes, and other moist places, 
are remarkable, not only for parting with a large 
quantity of oxygene gass, but also for absorbing 
hydrogene gass freely ; and are hence peculiaiiy 
calculated for purifying the regions in which 
they flourish, and in some sort for correcting 
the mischief that flows from the decomposition 
of the dead vegetable and animal materials that 
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is perpetually taking place in such situations, 
‘and loading the atmosphere with febrile and 
other miasms. 

But ' the instances of resemblance between 
animal and vegetable physiology arc innumer- 
able. Some plants, like a few of our birds, more 
of our insects, and almost all our forest beasts, 
appear to sleep through the day, and to awake 
and become active at night : while the greater 
number, like the greater number of animals, 
resign themselves to sleep at sun-set, and awake 
re-invigorated with the dawn. Like animals, tliey 
all feel the living power •c\citcd by small degrees 
of electricity, but destroyed by sovcic shocks ; 
and like animals, too, they differ in a very evtra- 
oidinary degree in the duration of many of theii 
species. Some tribes of boletus unfold them- 
selves in a few hours, like the ephemera and 
hemerobius tribes (May-fly and Spring- flv), 
and as speedily decay. Several of the fungi live 
only a few days*, others weeks or months. 
j'Vnnual plants, like the greater part of oui 
insects, live three, four, or even eight months. 
Biennial plants, like the longer-lived insects, and 
most of our shell-fishes, continue alive sixteen, 
eigirtecn, or even twenty-four months. Many of 
the herbaceous plants continue only a few years, 
but more for a longer period, and imitate all the 
variety to be met with in the greater number of 
birds, quadrupeds, and fishes ; while shrubs and 
trees are, for the most part, coequal with the 
age of man, and a feW of them equal th’a| allotted 



VteGETABLE AKD ANIMAL LIFE. 220 

to him in tho earliest jiNwinds of the wodd. Ol' 
these last, the Adansoniadij^'/a/a* or calabasditree, 
is perhaps one of the most extraordinary. In- 
digenous to the land of the patriarchs, and Still 
outrivalling the patriarchal age, this stupend- 
ous tree, compared with which our own giant 
oak, in bulk as well as in years, is but an infant, 
seems to require not less than a thousand years 
to give it full vigour and maturity. Extending 
its enormous arms over the dry and barren soil 
from which it shoots naturally, it affords shelter 
to whole nations of barbarians, and n its plea- 
sant subacid fruit administers an ample supply 
to their hunger. 

Ix't it not, however, be imagined that, by 
pointing out such ticquent instances of U'sem. 
blance between animal and vegetable life, I mean 
to degrade the lank of animal being from its 
proper level ; for it will be one of the chief objects 
of our subsequent studies to develope and deli- 
neate its multi/brm and eharacteiiitic siqicriori 
ties. J am only tracing at presonl the common 
principle of vitality to its first outlines : 1 am en- 
deavouring to unfold to you, in iis simplest and 
rudest operations, that giaiul, am! wonderful, and 
comprehensive system, which, though under 
different modifications, unquestionably control- 
lipg both plants and animals, fiom the first 
moment it begins to act infuses energy into the 
lifeless clod, draws forth form and beauty, apd in- 
dividual bemg, from unshapeu matter, and stamps 
with organization and pi opens! ties the .common 

Q 3 
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dust we tread upon. And if, in this its lowest 
scale of operation, — if, under the influence of 
these its simplest laws, and the mere powers 
(so far as we are able to trace them) of contrac- 
tility and irritability, it be capable of producing 
effects thus striking, thus incomprehensible, 
what may we not expect when the outline is 
flUed up and the system rendered complete ? 
What may we ' not expect when we behold, 
superadded to the powers of contractility and 
irritability, those of sensation and voluntary 
motion ? What, more especially, when to these 
are still further added the ennobling faculties of 
a rational and intelligent soul, — the nice organs 
of articulation and speech, — the eloquence of 
language, — the means of interchanging ideas, 
and of embodying, if I may so express myself^, 
all the phenomena of the mind? 

Such' are the important subjects to which our 
subsequent studies are to be directed. In the 
meantime, from the remarks which have already 
been hazarded, we cannot, I think, but be struck 
with the two following sublime characters, which 
pre-eminently, indeed, distinguish all the works 
of nature : — a grand comprehensiveness of 
scheme, a simple but beautiful circle of action, 
by which every system is made to contribute to 
the well-being of every system, every part to 
the harmony and happiness of the whole j and 
a nice, and delicate, and ever-rising gradation 
from shapeless matter to form, from form to 
feeling, from feeling to intellect, from the clod 
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to the crystal, from the crystal to the plant, from 
the plant to the animal, from brutal life to man. 
Here, placed on the summit of this stupendous 
pyramid, lord of all around him, the only being 
through the whole range of the visible creation 
endowed with a power of contemplating and 
appreciating the magnificent scenery by which 
he is encompassed, and of adoring its Almighty 
Architect at once the head, the heart, and the 
tongue of the whole — well, indeed, may he exult 
and rejoice ! But let him rejoice with modesty. 
I'or, in the midst of this proud exaltation, it is 
possible that he tbrmg but one of the lowest links 
in “ the golden everlasting chain” of intelligence j 
that he stands on the mere threshold ol‘ the 
world of perception ; and that there exists at 
least as wide a disproportion between the sub- 
limest charaetois that ever were born of women, 
our BaconSjNewtons, and Lockes, our Aristotles, 
Des Cai'tcs, and lilulers, and the humblest 
ranks of a loftier world, as there is between 
these highly-gifted mortals and the most un- 
knowing of the animal creation. Yet mind, 
thanks to its beneficent bestower ! is itself im- 
mortal, and knowledge is eternally progressive j 
and hence man, too, if he improve the talents 
e’utrusted to him, as it is his duty to do, may 
yet hope, unblaraed, to ascend hereafter as 
high above the present sphere of these celestial 
intelligences, as they are at present placed 
above the sphere of man. But these arc specu- 
lations in some degree too sublime for us : the 
Q 4 
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moment we launch into them, that moment wo 
become lost, and find it necessary to return 
with suitable modesty to our proper province, 
an examination of the world around us ; where, 
with all the aids of which we can avail ourselves, 
we shall still find difficulties enough to try the 
wisdom of the wisest, and the patience of the- 
most persevering. 
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LECTURE X. 

ON THE PRINCIPLE OP LIFE, IRRITABILITY, 
AND MUSCULAR POWER. 

We have distinguished organic from inorganic 
matter ; and have characterised the former, 
among other differences, by its being actuated 
in every separate form by an internal principle, 
and possessed of parts mutually dependent and 
contributory to each other’s functions. What 
then is this internal principle, — this wonderful 
and ever active power, which, in some sort or 
other, equally perVades animals and vegetables, — 
which extends from man to brutes, from brutes 
to zoophytes, from zoophytes to fucuses and 
confervas, the lowest tribes of the vegetable 
kingdom, whose genergl laws and phienomena 
constituted the subject of our last study, this 
fleeting and evanescent energy, which, unseen 
by the eye, untracked Ijy the understanding, is 
only known, like its great Author, by its effects j 
but which, like him too, wherever it winds its 
career, is perpetually diffusing around it life 
and health, and harmony and happiness ? 

I do not here enter into the consideration of a 
thinking 01 iutelligent principle, or even a priii« 
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ciple of sensation, bol^h which are altogether of 
distinct natures from the present, and to which 
I shall intreat your attention hereafter ; but con- 
fine myself entirely to that inferior but energetic 
power upon which the identity and individu- 
ality of the being depends, and upon a failure 
of which the individual frame ceases, the organs 
lose their relative connexion, the laws of che- 
mistry, which have hitherto been controlled by 
its superior authority, assume their action, and 
the whole system becomes decomposed and 
resolved into its primary elements. 

The subject is, indeed, recondite, but it is 
deeply interesting : it has occupied the attention 
of the wisest and the best of mankind in all 
ages ; and though, after the fruitless efforts with 
which such characters have hitlierto pursued it, 
I have not the vanity to conceive that I shall be 
able to throw upon it any thing like perfect day- 
light, you will not, I presume, be displeased witli 
my submitting to yon a brief outline of some few 
of the speculations to which it has given birth, 
together with the conjectures it has excited in 
my own mind. 

01‘ the innumerable theories tliat have been 
started upon this subject, the three following are 
those which are chiefly entitled to our attention. 
Life is the result of a general harmony or con- 
sent of action between the different organs of 
which the vital frame consists. — Life is a prin- 
ciple inherent in the blood. — Life is a gass, or 
aura, communicated to the system ftom without. 
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Each of these theories has to boast of a very 
high degree of antiquity ; and each, after having 
had its day, and spent itself, has successively 
yielded to its rivals j and*in its turn has re-ap- 
peared, under a different modification, in some 
subsequent age, and run through a new stage of 
popularity. 

For THE SYSTEM OF HARMONY wc are indebted 
to the inventive genius of Aristoxenus, a cele- 
brated physician of Greece, who was at first a 
pupil of Lamptus- of ErythraeR, afterwards of 
Xenophylus the Pythagorean, and lastly of Aris-* 
totle. He was most excellently skilled in music, 
and is supposed to have given the name of har- 
mony to his system from his attachment to this 
science. It is an ingenious and elegant dogma, 
and was at one time highly fashionable at Rome 
as well as at Athens ; and is thus alluded to and 
explained by Lactantius : “ As in musical-instru- 
ments, an accord and assent of sounds, which 
musicians term harmony, is produced by the 
due tone of the strings ; so in bodies, the faculty 
of perception proceeds from a connexion and 
vigour of the members and organs of the 
frame.’* * 

To this theory there are two objections, either 
of which is fatal to it. The first is, that ad- 
mitting the absolute necessity of the health or 
perfection of every separate pari to the health 
or perfection of the whole, we are stiU as much 


* V. 140 . 
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in the dark as ever in ' respect to the principle 
by which this harmonious machine has been 
developed, and is kept in perpetual play. The 
second objection, by* which, indeed, it was 
vigorously attacked by the Epicureans, and at 
length completely driven from die fiel^, is 
derived from observing that the health or well- 
being of the general system does not depend 
upon that of its collective organs j and that some 
parts are of far more consequence to it than 
others. Thus the mind, observes Lucretius, in 
his able refutation of this hypothesis, may be 
diseased, while the body remains unaffected j or 
the body, on the contrary, may lose some of its 
own organs, while the mind, or even the general 
health of the body itselfi continues perfect. 

The abbe Polignac, who, consistently with the 
Cartesian system, 'makes a very proper distinc- 
tion between the principle of the mind or soul, 
and that of the life, enters readily into the hypo- 
thesisof Aristoxenusin regard to the latter power, 
though he thinks it inapplicable to' the former : 
and Leibnitz appears to have availed himself of 
it as a mean of accounting for the union between 
the soul and body in his celebrated system, which 
he seems to have named, from the theory before 
us, the system of pre-established harmony. 
By a writer of the present day, however, 
M. Lusac, the doctrine of Aristoxenus seems to 
have been resuscitated in its fullest scope, and 
even to have been carried to a much wider lati- 
tude than ith inventor had ever intended : foe 
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the theory of M. Lusac affects to regard, not 
only the frame of man and other animals, but 
the vast frame of the universe, as a sort of mu- 
sical organ or instrument ; the concordant and 
accumulated action of whose different parts. or 
agents he denominates, like Aristoxenus, futr- 
mony. “ Concerts of music,” says he, “ afford 
a clear example: you perceive harmony in 
music when different tones, obtained by the 
touch of various instruments, excite one general 
sound, a compound of the whole.” This obser- 
vation he applies to the grand operations of 
nature, the irregularities of which, resulting from 
inundations, earthquakes, volcanoes, tempests, 
and similar evils, this philosopher considers as 
the dissonances occasionally introduced into 
music to heighten the harmony of the entire 
system. With respect to the harmony of the 
human frame, individually contemplated, or the 
<‘oncor»lant action of the different parts of the 
body, he observes, “ It may be said, that of this 
principle 1 have meicly a confused notion; and 
1 admit it, if the assertion imply that 1 have 
neither a perfect nor a distinct, nor an entire 
comprehension of what produces this harmony — 
in what it consists, or how it acts. I know not 
what produces the harmony of various instru- 
ments heard simultaneously ; but I can accu- 
rately distinguish the sounds which are occa- 
sioned when musicians are tuning, from those 
which are produced when, being completely in 
tune, and every one uniting in the piece, the 
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separate^ parts are executed witli precision. 
Wlien I hear an harmonious sound, whatever be 
its nature, I can distinguish the harmony, though 
incapable of investigating its cause.* 

*1 shall only observe, further, that in the doc- 
trine of Mr. (now Sir Humpbry) Davy, which 
holds life itself as a peipetual series of corpuscular 
changes, and the substrate, or living body, as 
the being in which these changes take place, we 
cannot but observe a leaning towards the same 
system ; and we shall have occasion, in a subse- 
quent lecture, to notice one or two others of 
equally modern date that touch closely upon it 
in a few points. t *- 

Let us pass on, then, to a consideration of the 
second hypothesis I have noticed, and which 
consists in regarding the bloou itself as the 
rniNCiPLE of life. This opinion lays claim to 
a still higher antiquity than the preceding; 
and, in a general view of the question, is ilir 
better founded. It has the fullest support of the 
Mosaic writings, which expressly appeal to the 
doctrine, that “ the life of all flesh is the blood 
thereof,” J as a basis for the culinary section of 
the Levitical code ; a doctrine, indeed, of no 
new invention even at that early period, but pro- 
bably derived expressly from the ritual of the 
higher patriarchs, if we may be allowed to 
appeal to a similar belief and a similar practice 


^ DuBroit Naturel, Civil, et Politique, tom, i. 154. 
t VoL at. Series iii, Lect# v, % LeviUxvii, 14. 
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among the Parsees, Hindus, and other orient al 
nations of very remote antiquity, who seem 
ratlier to have drawn tliis part of their cere- 
monial directly from the law or tradition ol 
the patfiarchs, than indirectly from that of the 
Jews. 

Among the Greeks and Romans, were the 
authority of the poets to be of any avail, we 
should imagine that this hypothcvsis never ceased 
to be in reputation ; for the voptpvpeos fiamror, or 
purple death, of Homer, and the purpurea anima, 
or purple life, of Virgil, (phrases evidently 
derived from this theory), are common-place 
4:erms amidst all ot“ them : but the real fact is, 
that, among the philosophers, wo do not know 
of mure than two, Empedocles and Critias, who 
may be fairly said to have embraced it. 

In modern times, however, this hypothesis, 
has again dawned forth, and risen even to 
meridian splendour, under auspices that entitle 
it to our most attentive consideration. Harvey, 
to whom we are indebted for a full knowledge 
of the circulation of the blood, may be regarded 
as the phosphor of its uprising; Hoffman 
speedily became a convert to the revived doc- 
trine; Huxham not only adopted it, but pursued 
it with so much ardour, as, in his own belief, to 
trace the immediate part of the blood in which the 
principle of life is distinctly seated, and which 
he supposed to be its red particles. But it is to 
that accurate and truly original physiologist, 
Mr. John Hunter, that we can only look for a 
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fair restoration of this system to the favour of 
the present day, or for its erection upon any 
thing like a rational basis. By a variety of 
important experiments, this indefatigable and 
accurate observer succeeded in proving incon- 
trovertibly that the blood contributes in a far 
greater degree, not only to the vital action, but 
to the vital material of the system, than any 
otlier constituent part of it, whether fluid or 
solid. But he went beyond this discovery, and 
afforded equal proof, not only that the blood is 
a mean of life to every other part, but that it 
is actually alive itself. “ The difficulty,” says 
he, “ of conceiving that the blood is endowed^ 
with life, while circulating, arises merely from 
its being a fluid, and the jnind not being accus- 
tomed to the idea of a living fluid. — 1 shall 
endeavour,” he continues, “ to show that orga- 
nization and life do not in the least depend upon 
each other ; that organization may arise out of 
living parts and produce action, but that life 
can never arise out of or produce organiza- 
tion.” * 

Tliis is a bold speculation, and some part of 
it is advanced too hastily : for instead of its 
being true, “ that life can never arise out of or 
produce organization,” the most cursory glance 
into nature will be sufficient to convince dvery 
man that organization ms the ordinary, perhaps 
the only, mean by which life is transmitted j and 


* Hunter on the Blood, p! 20. 
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that wherever life appears, its tendency, if not 
its actual result, is nothing else than organiza- 
tion. But though he failed in his reasoning, he 
completely succeeded in his facts, and abun- 
dantly p’roved that the “blood itself j tliough a 
fluid and in a state of circulation, is actually 
endowed with life : for he proved, first, that it is 
capable of being acted upon and contracting, 
like the solid muscular fibre, upon the applica- 
tion of a stimulus ; of which every one has an 
instance in that cake or coagulura into whicli 
the blood contracts itself when drawn from the 
arm, probably in consequence of the stimulus of 
•ihe atmosphere. He proved, next, that in all 
degrees of atmospherical temperature whatever, 
whether of heat or cold, which the body is 
capable of enduring, it preserves an eqiiality in 
its own temperature j and in addition to this 
very curious phenomenon, he proved also, that 
a new-laid egg, the vessels of which are merely 
in a nascent state, has a power of preseiviiig its 
proper temperature, and of resisting cold, heat, 
or putrefaction, for a considerable period longer 
than an egg that has been frozen, or in any other 
way deprived bf its vital principle. Thirdly, he 
proved, in the instance of paralytic limbs, that 
the blood is capable of preserving vitality wdieu 
every other part of an organ has lost its vital 
power, and is the only cause of its not becoming 
corrupt. Fourthly, that thoug^h not vesicular 
itself, it is capable, by its own energjy, of pro- 
ducing new vessels out of its own substance, and 
VOL. r. K 
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vessels of efefy description, as lymphatics, 
arteries, veins, and even nerves.* Finally, he 
proved, that the blood, when in a state of health, 
is not only, like the muscular fibre, capable of 
contracting upon the application of a certain 
degree of appropriate stimulus, but that, like the 
muscular fibre also, it is instantly exhausted of 
its vital power wlienever such stimulus is exces- 
sive ; and that the same stroke of lightning that 
destroys <he muscular fibre, and leaves it flaccid 
and uncontracted^ destroys the blood, and leaves 
it loose and uncdagulatcd. 

Important, liowever, as these facts are, they 
do not reacli home to the question before us. 
They sufficiently establish the blood to be alive, 
but they do not tell us what it is that makes it 
alive : on the contrary, they rather drive us into 
a pursuit after some foreign and supci added 
principle ; for that which is at one time alive, 
and at another time dead, cannot be life itself. 

The next theory, therefore, to which 1 have 
adverted, undertakes to explain in wfiat Ihis 
foreign and superadded principle consists. Some 

EXQUISITELY SUHTLE GASS OT AURA SOlUe fine, 

elastic, invisible fluid, sublimed by nature in the 
deepest and most unapproachable recesses of her 
laboratory, and spirited with the most active of 
her energies. An approach towards this hypo- 
thesis is also of great antiquity ; for it consti- 

^ Di'.Miinro has proved, that the limb of a fVog can live 
And be nourished, and its wouudb heal, without any nerve. 
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luted one of the leading features of the Epicu- 
rean phiiosopliy, and is curiously developed by 
Lucretius in his poem on the Nature of Things. 
According to liim, it is a gass or aura, for which 
in his day there was no name, diffused througli 
every part of the living fabric, swifter and more 
attenuate than heat, air, or vapour, with all 
•which it concurs in fonning the soul or mind as 
its chief elementaiy principle : — 

Far from all vision this profoundly lurks. 

Through the whole system’s utmost depth diffused. 

And lives as sSOiil of e’en the soul itself.’^ 

But it is to the astonisliing discoveries of modern 
chemistry alone that we are indebted for any 
fair application of any such fluid to account tor 
the plnenomena of life. 

Amongst the numerous gasses which modern 
chemistry has detected, there arc three which 
are pre-eminently entitled to our attention, 
thougli they seem to have been glanced at by 
the Epicureans : caloric, or the matter of heat, 
chiefly cliaracteriscd in our own day as a distinct 
substance, by the labours of Dr. Black and 
Dr. Crawford ; oxygene, or the vital part of 
atmospheric air, first discovered by Priestley, and 
explained by Lavoisier ; and the fluid which is 
collected by the Voltaic trough, and which is 


Nam peuitus prorsum iatetluxic natura, suhestque ; 
Noc mngis hac infra quidquain esl in corpore nostro ; 
Atqueanima est aninus proporro totius ipsa* 

pe Ror, Nat. iu* 21 1. 
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probably nothing more than the electric huid 
under a peculiar form. 

Of these caloric, as a distinct entity, was 
detected first. It was found to be a gass of 
most astonishing energy and activity, and, at 
the same time, to be of the utmost consequence 
to the living substance ; to exist manifestly 
v?herever life exists, and to disappear on its ces- 
sation. It was hence conceived to be the prin- 
ciple of life itself. 

But oxygene began now to start into notice, 
and the curious and indispensable part it performs 
in the respiration, as well as in various other 
functions of both animal and vegetable existence, 
to be minutely explored and ascertained, and 
especially by the microscopic eye of M. Gir- 
tanner.* The genius of Crawford fell prostrate 
before that of Lavoisier. Oxygene was now 
regarded as the principle of life, and heat as its 
mere attendant or handmaid. 

About the year 1790/ Professor Galvani, of 
Bologna, accidentally discovered that the 
crural nerve of a fifog, which had been cut up 
for his dinner, contracted and became convulsed 
on the application of a knife wetted with water ; 
and following f up this simple fact, he soon dis- 
covered also, that a similar kind of contraction 

* Memoires «ur I’trritabilitfe, con8id(‘r6e cotitmc pfincipe 
de vie daus la nature orgauihfee. yaris, 1790. 

t It is a singular fact, tli^t this i^Jentical di^overy was not 
only made, but; completed in all iis bearings, and by the 
same means of a recent dissected frog, by t)r, Alexander 
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or convulsion might be produced in the muscles 
of other animals, when in like ‘ manner pre- 
pared for the'experiment, not only during life, 
but for a considerable period after death ; . and 
that in all such cases a fluid of some sorter otlier 
was either given to the contracting body or 
taken from it. And Professor Volta, about the 
same period, succeeded in proving that the fluid 
thus traced to be given or received was a trtie 
electric aura ; that it might, in like manner, be 
obtained by a pile of metallic plates, of two or 
three difierent kinds, separated from each other 
by water, or wetted cloth or wadding ; and be 
so accumulated ^ by a multiplication of such 
plates, as to produce the most powerful agency 
in all chemistry. It is not necessary to pursue 
this subject any farther. Every one in the pre- 
sent day has some knowledge of Galvanism and 
Voltaism ; ,pvery one has witnessed some of those 
curious and astonishing effects which tlie Voltaic 
fluid is capable of operating on the muscles of 
an animal for many Incurs after death : and it 
only remains to be added, that since the disco- 
very of iSiis extraordinary power, oxygene has 
in its turn fallen a sacrifice to tlie Voltaic fluid, 
and this last has been contemplated by nu- 
merous physiologists as constituting the prin- 
ciple of life ; as a fluid received into the animal 

- — ^ — 

Stuart, physician to the queen, in 1 732, though no advantage 
was taken of it. A minute account of Dr. Stairt^s experi- 
ments is given in the Fbih Trans, for 1 732. See the author*® 
Study of Medicine, voL iii. p» 29, 2d edit. 
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system from without, and stimulating its different 
organs into vital action. “ The identity,” says 
13r. Wilson Pliillip, “ of Galvanic electricity and 
nervous influence is established by these experi- 
ments.” 

The result of the whole appears to be, that 
neither physiology nor chemistry, with all the 
accuracy and assiduity with which these sciences 
have been .pursued of late years, has been able 
to arrest or dcvclopc the fugitive principle of 
life. They have unfolded to us the means by 
which life, perhaps, is produced and maintained 
in the animal frame, but they have given us no 
information as to the thing itseff ; we behold the 
instrument before us, and see something of the 
fingers that play upon it, but we know nothing 
whatever of the mysterious essence that dwells 
in the vital tubes, and constitutes the vital 
harmony. 

Tt seems to be on this account, chiefly, that 
the existence of such a principle as a substan- 
tive essence has been of late years denied by 
MM. Dumas, Bichat, Richerand, Magcndie, 
and, indeed, most of the physiologists cl'France ; 
Whose hypothesis has been caught up and pretty 
widely circulated in our own country, as though 
nothing in natural science can be a fair doctrine 
of belief, unless its subject be matter of clear 
developement and explanation. But this un- 
called for scepticism has invohed these philo- 
sophers in a dilemma from which it seems im- 
possible for them to extricate themselves, and 
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which we shall have occasion to notice more 
fully hereafter : I mean the existence of' 
powers and faculties without an entity or sub- 
stantial base to which they belong, and from 
which they originate. They allow themselves 
to employ the term, and cannot, in'deed, do 
without it } but after all they mean nothing 
by it. “ No one in the present day,” says 
M. Richerand, /‘contests the exjstenci: of a 
PRINCIPLE OF LIFE, whicl) siibjccts thc beings 
who enjoy it to an order of laws lUfferent 
from those which jirc* obeyed by inanimate 
beings ; by means of which, among its principal 
characteiislics, the bodies whicli it animates 
arc withdrawn from the absolute government of 
chemical affinities, and are capable of maintain- 
ing their temperature at a near degree of eqna- 
lity, whatever be that of the surrounding atmo- 
sphere. Its ESSENCE is not designed to jireserve 
the aggregation of constituent molecules, but 
to collect other molecides whicii, by assimilating 
themselves to thc organs that it vivifies, may 
replace those which daily losses carry oil', and 
which are employed in repairing and augment- 
ing them.” * Yet, when we come to examine 

* “ I’ersonue unjourd’hui ue coiiteste TrAisTENt n 
FKiNCiPE DE \ IE qui bouinct les qui enjoub.sent a ^un 

ordre de leis diff^rentes de celles aiix^iuelles obt'issoni les 6tres 
inatiira^s, force h laquelle on pourroil assigner, coinme pnn* 
cipaux characteres, de soustraire les corps qii^ elle akimc, 
k I'empirc absolii dcs chimiquea, auKquelles ila au- 

roieiit tant de tendance a coder, en virtu de la multiplicite de 
Veurs cUmens ; et de maiutenir leur tempfcrature a au dogu* 

R 4 
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into the subject more closely, vve find that all 
these terms, so expressive of a specific being 
and distinct reality — this essence that .vivifies 
and ANIMATES, has neither being, nor essence, 
nor vivification, nor animation, nor reality of 
any kind. That the whole of these expressions' 
arc metaphysical ; 'and that the word , vital 
PRINCIPLE is not, designed to express a distinct 
being, but i.s merely an abridgedrformula, denot- 
ing the totality of powers alone which 
animate living bodies, and distinguish them from 
inert matter, the totality of proi'erTies and 
LAWS which govern the animal economy. • So 
that we have here not only the employment of 
terms that have no meaning, but properties and 
laws, powers and principles, without any source, 
— a superstructure without a foundation, — > 
eftects without a cause. 


presqub 6gal, quelle que soit d’ailleurs celle de I’atniosph&re. 
Son ESSENCE n’est point de consericrl’aggrcgation des raol6- 
fjiiles constilutives, niais d’attirer d’autres moloculcs qui, 
s’ussitnilant aux organes qu’ eele vivieie, reiuplacent celles 
qu’entrsunent Ics pertes jouruali^res, et sont employfces ii les 
iiourrir. et i les accroitre.” — Nouveaux EWroens de Physio* 
logie, toin. i. p. 81. 8vo. Paris, 8vo. 1804. 

■* “Leinot de PRiNcn'ip'viTAjL, force vitale, &c. n’expriftje 
point un Ctre cxistant pa^ hii-ui6nic, et ind^pendainnient des 
actions par lesquelles il se raanifeste : il ne faut I’employer 
<l\ie conime une fonnulo abrt-gde dont on se sert pour dfe- 
higuer I’ensemWe dfes forces qui aiiiment les corps vivaqs et 
les diMinguent de la inati^rc inci te : ■— Pensemble des pro- 
piit'ti" ct ib'i 'oiv qui ri'gisscnt rfecononjie aninialc. ’ Id.,p. 8(r. 



IRKITABILITV, \HD MUSCULAR POWER. 21'9 


But what is this curious and delicate in- 
strument itself? — this machine that so nicely 
responds to the impressions communicated to it, 
and visibly envelopes so invisible a constituent ? 

It is not my intention in this series of po{}ular 
study to enter into any minute history of the 
animal frame, but shall confine myself to those 
general views of it which are requisite to show 
by what means it is operated upon by the deli- 
cate powers we have just contemplated, and the 
more curious phenomena which result from such 
an impulse. 

The animal frame, then, is a combination 
of living solids and fluids, duly harmonized, and 
equally contributory to each others perfection. 
The principle of life, whatever it consists of, 
exists equally in both ; in some kinds in a 
greater, in others in a less degree. In the fluids, 
Mr. Hunter has traced it down to their first and 
lowest stage ol‘ existence, for he has traced it in 
the chyle * ; and there are evident-proofs of its 
accompanying seveial of those which are elimi- 
nated from the body ; in the blood it is found, 
as we have already had occasion to notice, in 
a high degree of activity, and probably in a 
still higher in the nervous fluid. 

In the solids it vaft-ies eqU^Jly. There are some 
in which it can scarcely be traced at all, except- 
ing from their increasing growth, as the cellular 
membrane, and the bones; in others, we find 
a perpetual internal activity, or susceptibility ^c» 
* On the Blood, p» Dl* 
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external impressions. But it is in those irritable 
threads or fibres which constitute the general’ 
substance of the muscles or flesh of an animal, 
that the principle of life exerts itself in its most 
extraordinary manner, and which it more imme- 
diately, therefore, falls within the scope of the 
present lecture to investigate. 

The muscle of an animal is a bundle of these 
irritable fibres, or soft, red, cylindrical, and nearly 
inelastic threads, formed out of a substance 
which the chemists, from the use to which it is 
applied, denominate fibrine ; and which, when 
exatnined microscopically, are seen to divide 
and subdivide, as far as the power of glasses will 
carry the eye, into minuter bundles of fibrils, or 
still smaller threads, parallel to each other, and 
bound together by a delicate cellular web-w'ork, 
obviously of a different nature. They are uniform- 
ly accompanied through their course by a number 
of very minute nerves, which are chords or tubes 
that originate from the brain, a'nd branch out in 
every direction, either immediately from the 
brain itselfi or from some part of the spirial mar- 
row, which is a continuation of this organ ; by 
which means a perpetual communication is kept 
up between the sensorium and the remotest part 
of the body, as we sha^l have- further occasion to 
notice hereafter.* ^pon the application of any 
irritating or stimulating power, these fibres im- 
mediately contract in theh- length, and upon the 


^ Vol. u Ser* i. Leer, xr. 
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cessation of such power return to Iheir former 
state of relaxation: and it is chiefly by this 
curious contrivance that the animal system is 
enabled to fulfil all its functions. The stimuli 
by which the fibres, whether of motion or of sen- 
sation, are roused into action, are perhaps innu- 
merable in the whole ; but a few general classes 
may easily be’ devised to comprise all those by 
which they are ordinarily affected. And while, 
by an admirable diversity of construction, some 
set'' of fibres are only affected by some sets of sti- 
jnuli, other sets |ire only affected by others ; and 
in this manner all the organs are compelled, as it 
were, to execute tlic tlifferent offices entrusted 
to them, and no one interferes \^ith that of ano- 
ther. Thus the fibres of the external senses are 
affected by external objects } they contract and 
give notice of the presence and degree of power 
of such objects to the brain, through the medium 
of the nerves, which, as I have just observed, 
always accompany them, and which either ter- 
minate in or arise from that organ : but while 
the irritative and sensitive fibres of the ear are 
excited only by the stimulus of sound, and have 
no impression produced upon them by that of 
light, tho^e of the eye are excited only by the 
stimulus of light, and renocain uninfluenced by 
that of sound : and so of the other organs of 
external sense. And hence we obtain a know- 
ledge of one set or class of stimuli, which, from 
their ading upon the organs of sense, are called 
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sensitive stimuli, and the motions to v^hich they 
give rise, sensitive motions. 

Again, the very substances naturally intro' 
duced into many of the muscular organs of the 
body, and especially the hollow muscles, are suffi- 
cient to excite them to a due performance of their 
functions: thus, the lungs are excited to the 
act of respiration by the stimulus of the air we 
breathe, the stomach to that of digestion by the 
stimulus of the food introduced into it } so the 
heart and blood-vessels are excited by the sti- 
mulus of the blood j and the vessels that carry 
off the recremental materials, by the different 
stimuli which these materials contain in them- 
selves. We hence obtain another class of sti- 
muli, which are denominated stimuli of sim])le 
irritation j and the motions they produce, simple 
irritative motions, or motions of irritation. 

But the sensory, or brain, which thus receives 
notice generally, or is imprest upon by the dif- 
ferent actions that are perpetually taking place 
all over the system, through the medium of its 
own ramifications, or nerves, that uniformly 
accompany the irritable fibres, in many instances 
originates motions, and thus proves a stimulus 
in itself. All voluntary motions ate of this„ 
kind; the will, wlijkSti is a faculty of the Senso- 
rium, being the exciting cause, and thus giving 
birth to a third class of stimuli, and of a very 
extensive range, which are called jtimuli of voli- 
tion. While habit or association^confes, in a 
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variety of instances, a sufficient impulse to otlier 
motions, and thus constitutes a fourth class; 
which are hence named associate stimuli, or ati< 
muli of association. 

But though the muscular fibre is, perhaps, more 
irri.table than any other part of the system, thd 
principle of irritability and a fibrous structure 
are by no means necessarily connected; for, 
while the cellular membrane is fibrous but has 
no irritability whatever, the skin is not fibrous 
but is highly irritable. ^ 

Hence solids and fluids are equally necessary 
to the perfection of the living system. Food, 
air, and the etherial gasses, caloric, oxygene, 
and the medium of electricity, are the stimuli 
by which it is chiefly excited to action ; 
and, by their combination, contribute in some 
degree to the m.itter of the system itself ; but 
of the mysterious power that developes the 
organs and applies the stimuli, that harmonizes 
the action and constitutes the life, we know 
nothing. 

We sec clearly, however, that the moving 
powers are, tor the most part, the muscles ; and 
it is a subject of perpetual astonishment to the 
physiologist to observe the prodigious force 
which these vital cords are made capable of 
exerting, and the infinite variety of purjioses to 
which they thus become subservient. And 
were it not tliat the whole universe swarms with 
proofs of int^igence and design — were it not 
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that there exists, to adopt the beautiful words 
of tlie poet — 

Books in the runnbg brooks, 

Sermons in stones, and good in every thing — 

this, perhaps, might be the part of creation 
'which we could best select in proof of the wis- 
dom of the Creator, 

It was formerly too much the custom to regard 
the animal frame as a mere mechanical machine; 
whence, in that spirit ot' absurdity with which 
the wisest of mankind are occasionally afflicted, 
Descarles affected to believe that brutes are as 
destitute of consciousness as a block of wood, 
and that it is exactly the same sort of necessity 
which drives a dog forward in pursuit of a hare, 
that compels the different pipes of an organ to 
give forth diflerent tones upon a pressure of the 
fingers against its diflerent keys. It is not every 
one, however, in modern times who has adopted 
the mechanical thcoiy that has carried it to this 
extremity of absurdity ; but all of them are still 
carrying it too far who reason concerning the 
principal motions of the body as mere mechanical 
motions, and the powers which the muscles exert 
as mere mechanical powers ; in which the bones 
are the levers, the joints the fulcra, and the 
muscles the moving cords ; for it so happens 
that all the effects for which the whole of this 
complicated machinery is absolutely necessary 
out of the body, are in many instances per- 
formed by a single part of it withiu the body, 
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namely, by the moving cords or muscles alone, 
without either bones or joints, levers or fulcra. 
I do not mean to contend .that there is no kind 
of resemblance or conformity of principle 
between the laws of animate and inanimate 
mechanics, for I well know that in a variety of 
points the two systems very closely concur j but 
I am obliged to contend that they are still two 
distinct systems, and that in the one case the 
living power exercises an influence which finds 
no sort of similitude in the other. 

It is indeed curious to observe the diflerence 
of result which has flowed from the calculations 
of the diflerent promoters of this theory ; and 
which alone, were there nothing else to oppose 
them, would be sufficient to prove the fallacy of 
their reasoning. Among those who have adopted 
this mode of explanation, and have pursued it 
with most acuteness, and may be regarded as the 
fathers ot the school, I may be allowed to mention 
Borelli and Keil ; but while the former, in order 
to account for the circulation of the blood in 
man, calculated the force with which the heart 
contracts to be equal to Jiot less tha’n a hundred 
and eighty thousand pounds weight at every 
conti-action, the latter could not estimate it at 
more than eight ounces. 

In like manner Borelli, in applying the same 
theory to the power with which the human 
stomach triturates, or, as we now call it, digests 
its food, calculated it, in conjunction with the 
assistance it receives from the auxiliary muscles. 
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which he conceived to divide the labour about 
equally with itself, as equal to two 'hundred 
sixty-one thousand one hundred and eighty-six 
pounds ; and Pitcairn has made it very little 
less, since he estimates the moiety contributed 
by the stomach alone at one hundred and 
seventeen thousand and eighty-eight pounds; 
which gives to these organs jointly a force more 
than equal to that of twenty mill-stones!/' Had 
he,” says Dr. Monro, “ assigned five ounces as 
the weight of the stomach, he had been nearer 
the truth.” • 

The fallacy of this theory, however, and espe- 
cially as it applies to the stomach, has been 
completely exposed in our own day, by the well- 
ascertained fact, that though the muscular coat 
of the stomach in most animals bears some part 
in the process of digestion, this important opera- 
tion is almost entirely performed by a powerful 
chemidal solvent Secreted by the stomach itself 
for this very purpose, and hence denominated the 
gastric juice ; and which answers all the purposes 
of the nqost violent muscular pressure we can 
conceive, ahd with a curious simplicity of con- 
trivance. ' 

The laws of physical force will certainly better 
apply to the action of the heart and arteries 
than to that of the stomach, and in some raea- 
•sure assist us in accounting for the circulation 
of the blood ; but the moment we reflect that 


* Comp. Anal, pref. p, viii, note. 
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one half of this very circulation, that I mean 
which depends upon the veins, and which has 
for the most part to contend against the attrac- 
tion of gravitation, instead of being able to 
avail itself of its assistance, is produced without 
any muscular propulsion that we are able to 
discover, and that even the arteries do not, when 
uninfluenced by pressure, appear to change their 
diameter in a state of health *, we-are necessarily 
driven to the conclusion, that there is in animal 
statics, as well as in animal mechanics, a some- 
thing distinct and independent, and which the laws 
of physical force are altogether incompetent to 
explain. Dr. Young, in his excellent Croonian 
lecture, read before the Royal Society in 1809 1, 
has endeavoured to revive the mechanical theory j 
but he is still compelled to admit a variety of 
phenomena in the animal machine, and especially 
in the circulatory system, which are altogether 
unaccountable upon any of the known principles 
of common hydraulics, and Ayhich can never tail 
to reduce us to the same result. 

So far, therefore, as we at present |^how, the 
circulation of the blood is performcid by a douUle 
projectile power ; one moiety being dependent 
on' the action of the living principle in the heart, 
and perhaps the arteries ; and the other moiety 
on the common law of hydraulics, or the vacuum 

* SeeLect.vin. p. 201, as also the authors .study of Medi- 
rine, vol. ii. p. 10. Edit, second, 1825. 

t On the Functions of the Ile.'irt .and Arteries, Phil. Tr.aiH. 
1809. p. 1. 
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produced in the lieart by that very contraction 
or systole which has just propelled the blood 
returned from the lungs into the arterial system. 
Whence the heart itself becomes alternately a 
forcing and a suction pump ; being the former 
in respect to tlic arteries, and the latter in respect 
to the veins. * 

Upon a moderate estimate, the common la* 
bouror may be said to employ a force capable of 
raising a weight of' ten pounds to the height of 
ten feet in a second, and continued for ten hours 
a day. A moderate horizontal weight for a strong 
porter, walking at the rate of three miles an hour, 
is 200 pounds : the chairman walks four miles 
an hour, and carries 150 pounds. TJie daily 
work of a horse is. equal to that of five or six 
men upon a plane; but from his horizontal 
figure, in drawing up a steep ascent, it does not 
exceed the power of three or four men. In 
working windmills, twenty-five square feet of the 
sails is equivalent to the work of a single labouier ; 
whence a full-sized mill, provided it could be made 
to work eight hours a day, would be equivalent 
to the dauy labour of thirty-four men. A steam 
engine of the best construction, with a thirty- 
inch cylinder, has tlie force of forty horses ; and, 
as it acts without intermission, will perform the 
work of 120 horses, or of 600 men ; every square 
inch of the piston being equivalent to tlie power 
of a labourer. 


^ See of I\led. voi lu p, 19, e(J» 
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There are m^ny muscles given to us which 
the common customs and habits of life seldom 
1 ender it necessary to exert, and which in conse- 
quence grow stiff and immoveable. Tumblers 
and buffoons are well aware of this fact j and it 
is principally by a cultivation of these neglected 
muscles that they are able to assume those out- 
rageous postures and grimaces, and exhibit those 
feats of agility, which so often amuse or sur- 
prise us. 

The same musclps of different persons, how- 
ever, though of the same length and Ahickness, 
and so far as we are able to trace, composed of 
the same umnbei of fibres, are by no means 
uniformly possessed of the same degree of power j 
and we here meet with an expresS deviation from 
the law of physical mechanics j as we do also in 
the curious fact, that whatever be the power they 
possess, they grow stronger in proportion to their 
being used, provided they are well used, and not 
exhausted by violence or over-exertion, 

I have calculated the average weight carried 
by a stout poiter in this metropolis at 200 
pounds ; but we are told there are porters in 
Turkey, who, by accustoming themselves to this 
kind of burden from an early period, are able to 
carry from 700 to 900 pounds, though they 
walk at a slower rate, and only carry the burden 
a short distance. “ The weakest man can lift 
with his hands about 125 pounds, a strong man 
400. Topham, a carpenter, mentioned by 
Desaguliers, could lift 800 pounds. ' He rolled 

s 2 
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up a strong pewter dish with his fingers. He 
lifted with his teeth and knees a table six fee! 
long, with a half hundred weight at the end. 
He bent a poker, three inches in circumference, 
to a riglit angle, by striking it upon his left fore- 
arm ; another he bent and unbent about his 
neck, and snapped a hempen rope two inches in 
circumference. A few years ago there was a 
pcTson at Oxford who could hold his arm ex - 
tended for half a minute, with half a hundred 
weight hanging on Jiis little lii'ger.”* We arc 
also told, by Desaguliers of a man who, by 
bending his body into an arch, and having a 
harness fitted to his hips, was capable of sfistaining 
a cannon weighing two or three thousand 
pounds. And not many winters ago, the cele- 
brated Belzoni, when first entering on public 
life, exhibited himself to the theatres of this 
metropolis, and by a similar kind of harnessing 
was capable of supporting, even in an upright 
position, a pyramid of ten or twelve men sur- 
mounted by two or three children, whose aggre- 
gate weight could not be much less than 2000 
pounds j with wliich weight he walked repeatedl} 
towards the front of the stage. 

The prodigious powers thus exerted by 
human muscles will lead us to behold with less 
surprise the proofs of far superior powers exerted 
by the muscles of Qthcr animals, though it will 
by no means lead us to the means of accounting 
for such facts. 

* Young’s Lect. on Nat. Phil. i. 129. 
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The elephant, which may be contemplated as 
a huge concentration of animal excellencies, is 
caj)able of carrying with ease a burden of between 
three and four thousand pounds. With its stu- 
pendous trunk (which has been calculated by 
Cuvier to consist of upwards of thirty thousand 
distinct muscles) it snaps off the stoutest branches 
from the stoutest trees, and tears up the trees 
themselves with its tusks. How accumulated 
the power that is lodged.in tlie muscles of the 
lion ! With a single stroke of his paw he breaks 
the back-bone of a horse, and runs off \\itli a 
huftklo in liis jaws at full speed ; he cruslics the 
bones between his teeth, and swallows them as a 
part of his food. 

Nor is it necessary, in the mystery of the ani- 
mal economy, that the muscles should always 
have the benefit of a bony lever. The tail of 
the whale is merely muscular and ligamentous; 
and yet this is tiic instrument of its chief and 
most powerful attack ; and possest of’this instru- 
ment, to adopt the language of an old and accu- 
rate observer *, a long boat he vahxeth no 
more than dust, for he can beat it all in shatters 
at a blow.” The skeleton of the shark is entirely 
cartilaginous, and totally destitute of proper 
bone ; yet is it the most dreadful tyrant of the 
ocean: it devours with its cartilaginous jaws 
whatever falls in its way; and in one of its 
species, the squalus careJmrias, or white shark. 


” freclt^rick Muitens* Sec Sh«iw> IT ik 48fl 
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which is often found thirty feet long, and of not 
less than four thousand pounds weight, has been 
known to swallow a man whole at a mouthful. 

The sepia octopodia, or eight-armed cuttle- 
fish the polypus of Aristotle — > is found occa- 
sionally of ah enormous size in the Mediterranean 
and Indian seas, its arms being at times nine 
fathoms in length, and so prodigious in their 
muscular power, that when lashed round a man, 
or even a Newfoundland dog, there is great dif- 
ficulty in extricating themselves ; and hence the 
Indians never venture out without hatchets 
in their boats, to cut off the animal’s holders, 
should he attempt to fasten on them, and drag 
them under water. 

But this subject would require a large volume, 
instead of occupying the close of a single lecture. 
Let us turn from the great to tlie diminutive. 
How confounding to the skill of man is the 
muscular arrangement of the insect class! 
Minute as is their form, there are innumerable 
tribes that unite in themselves all the powers of 
motion that characterise the whole of the 
other classes j and are able, as their own will 
directs, to walk, run, leap, swim, or fly, with as 
much facility as quadrupeds, birds, and fishes 
exercise these faculties separately. But such a 
combination of functions demands a more com- 
plicated combination of motive powers j and 
what it demands it receives. In the mere larve 
or caterpillar of a cossus, or insect approaching to 
the butterfly, Lyonot has detected not less than* 
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four thousand and sixty-one distinct muscles, 
which is about ten times the number that belong 
to the whole human body ; and yehitis probable 
that these do not constitute any thing like the 
number that appertain to the same insect in its 
perfect state. The ^ator noctilucus, or phos- 
phorescent springer, is a winged insect ; but it 
has also a set of elastic muscles, which enable 
it, when laid on its back, to spring yp nearly 
half a foot at a bound, in order to recover its 
position. This insect is also entitled to notice 
in consequence of its secreting a light, which is 
so much beyond that of our own glow-worm, 
that a person may see to read the smallest print 
by it at midnight. The cicada apuniaria, or 
sj)umous grasshopper, is in like manner endowed 
with a double power of motion ; and when 
attempted to be caught will either fly com- 
pletely off, at its option, or boynd away at the 
distance of two or three yards at every leap. ‘This 
insect is indigenous to our own country, and is 
one of those which lu their larvc and pupe states 
discharge, from the nunjprous pores about the 
tail, that frothy material upon plants which is 
commonly known by the name of cuckow-spit. 

Crabs and spiders have a strong muscular 
power of throwing off an entire limb whenever 
seized by it, in order to extricate themselves 
from confinement ; and most of them throw off’ 
also, once a year, their skin or crustaceous 
covering, and secrete a new one. The mugcul.u 
elasticity of the young sjuder gives it, moreover, 

R 4) 
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the power of wings ; whence it is often seen, in 
the autumn, ascending to a considerable eleva- 
tion, wafted about by the breeze, and filling the 
atmosphere with its fine threads. The land-crab 
(cancer n/ricoto) inhabits -the woods and moun- 
tains of a country ; but its muscular structure 
enables it to travel once a year to the sea-coast to 
wash off its spawn in tlie watefes. The spawn or 
eggs thus, deposited sink into the sands at the 
bottom of the sea, and are soon hatched ; after 
which millions of little crabs are seen quitting 
their native element for a new and untried 
one, and roving instinctively towards the wood- 
lands. 

The hinge of the common oyster is a single 
muscle ; and it is no more than a single muscle 
in the chama gigas, or great clamp-fish, an animal 
of the oyster form, but the largest testaceous 
worm we are acquainted with. It has been taken 
in the Indian ocean of a weight not less than 
532 pounds j the fish, or inhabitant, being large 
enough to furnish 120 men with a meal, and 
strong enough to lop ptf a hand with ease, and 
to cut asunder the cable of a large ship. 

Nor is the muscular power allotted to the 
worm tribes less wonderful than that of- insects, 
or its variety less striking and appropriate. 
The leech and other sucker-wwms are as well 
acquairrted with the nature of a vacuum as Tor- 
ricelli } and move from place to place by alter- 
nately converting the muscular disks of their 
head and tail into air-pumps. 
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Tlie sucker of tijc cyclopterus, a genus of 
lishes denominated suckers from their wonder- 
fully adhesive property, is perhaps the most 
powerful, for the size of the. fish, of' any we are 
acquainted with ; and is formed, at will, by 
merely uniting the peculiar muscles of its ven- 
tral fins into an oval concavity. In this state, 
if pulled by the, tail, it will raise a pail-full of 
water rather than resign its hold. 

The teredo navalis, or ship-worm, is seldom 
six inches in length, but the muscles and armour 
with which its head is provided enables it to 
penetrate readily into the stoutest oak-planks of 
a vessel, committing dreadful havoc among her 
timbers, and chiefly producing the necessity for 
her being copper-bottomed. This animal is a 
native of India; it is gregarious, and always 
commences its attack in innumerable multi- 
tudes;' every w'orm, in labouring, confining 
itself to its own cell, which is divided from that 
of the next by a partition not thicker than a 
piece of writing paper. The seaman, as he 
beholds the ruin before him, vents his spleen 
against the little tribes that haye produced it, 
and denounces them as the most mischievous 
vermin* in the ocean. But a tornado arises— 
the strength of the whirlwind is abroad — the 
clouds pour down a deluge over the moun- 
tains — and whole forests fall prostrate before 
its fury. Down rolls the gathering wreck 
towards the deep, and blocks up the mouth of 
that very creek the seaman has entered, and 
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where he now finds himself in a state of captivity. 
How shall be extricate himself from his impri- 
sonment?— ~ an imprisonment as rigid as that of 
the Baltic in the winter-season. But the hosts 
of the teredo are in motion : — thousands of little 
augers are applied to the floating barrier, and 
attack it in every direction. It is perforated, it 
is lightened, it becomes weak j it is dispersed, 
or precipitated to the bottom ; and what man 
could not effect, is the work of a worm. Thus 
is it that nothing is made in vain j and that in 
physics, as well as in morals, although evil is 
intermingled with good, the good ever maintains 
a predominancy. 
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LECTURE XI. 

ON THE BONES, CARTILAGES, TEETH, ARTICULA- 
TION, INTEGUMENTATION, tlAIR, WOOL, SILK, 
FEATHERS, AND OTHER HARD OR SOLID FARTS 
OF THE ANIMAL FRAME. 

In a former lecture we took a general survey of 
Ithe characteristic features that distinguish the 
unorganized from the organized world, and the 
vegetable kingdom from the animal: we exa- 
mined into the nice structure of plants, and the 
resemblances which they bear to the animated 
form. In our last lecture we proceeded to an 
enquiry into the nature of the living principle, 
took a glance at a few of the theories that have 
been invented to explain its essence and mode 
of* operation, and contemplated the origin and 
powers of the muscular fibre, which may be 
denominated its grand executive organ. 

The muscles of an animal, however, are not 
the only instruments of animal motion; the 
bones, cartilages, and ligaments contribute very 
largely to the action, and the skin is not unfre- 
quently a substitute for the muscle itself. These, 
therefore, as well as a variety of other bodies 
minutely connected with them, or evincing a 
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similarity of construction, — as the teeth, hair, 
nails, horns, shells, ‘and membranes, ■— are now to 
pass under our review, and are entitled to our 
closest attention; and I may add, that their 
diversity of uses and operations, and the curious 
phenomena to which they give rise, are calcu- 
lated to afford not less amusement than instruc- 
tion. 

I had occasion to remark lately *, that lime is 
a substance absolutely necessary to the growth of 
man. It is, in truth, absolutely necessary to the 
growth of almost all animals ; even soft-bodied or 
molluscous worms, except in a few instances, are 
not free from it ; nay, even infusory animals, so* 
minute as to l)c only discerned by the micro- 
iicope, still afford a trace of it in the calcareous 
speck which constitutes their snout ; but it is in 
tlic bones and shells of animals that lime is 
chiefly to be found ; and hence those animals 
possess most of it in whom these organs arc most 
abundant. 

Bone, shell, cartilage, and membrane, how- 
ever, in their nascent state, are all the same sub- 
stance, and originate Irom a viscid fluid, usually 
supposed to be the coagulable lymph, or more 
liquid part of the blood ; which, secreted in one 
manner, constitutes jelly, or gelatine, a material, 
characterised by its solubility in warm water, 
heated to about half the boiling point ; and, 

VoL 1. Series i. Lect. vi. On Geology, p. 14 1, and passim ; 
and Lect. Mil. On Organized Bodies, and the Structure 
riants compared with that of Animals, p. 17 1* 
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secreted in another manner, forms albumen, or 
the material of the white of the eg^, charac- 
terized by its coagulating instead of dissolving 
in about the same heat: the difference, how- 
ever, between the two, consisting merely, per- 
haps, in the diflorent proportion ol'oxygene they 
contain. Mendirane is gelatine, with a small 
proportion of albumen to give it a certain degree 
of solidity ; cartilage is membrane, with a larger 
})roportion of albumen to give it a still greater 
degree of solidity ; -and bone and shell are mere 
cartilage, haidcned by the insertion of lime into 
their inteiior, the lime being secreted for this 
purpose by a particular set of vessels, and 
absorbed by the bony or shelly rudiments in 
their soft state. And hence any substances 
which, like the mineral acids, for example, have 
a power ol' dissolving the earthy matter' of the 
two last, and of leaving the cartilage untouched, 
may be readily employed as re-agents, to reduce 
them to their piimary softness : and it was by 
this mean that C’!eo})atra, as we are told by 
Pliny, dissolved one of the costly pair of pearls 
that formed her ear-rings, each of which was 
valued at upwards of eighty thousand pounds 
(ceniics sesterthnn), at a feast given to Marc 
Antony, and then presented it to him jn a goblet, 
with an equal mixture of wine.* 

^ This WAS on a trial who could give the niobl sumptuous 
banquet. Muiiacius IHancus was the arbiter. The expence of 
Marc Antony’s, already bestowed, had been valued at just the 
price of this single pearl* Cleopatra was proceeding to dis- 
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In the adult state, however, as well as in the 
embryo state, it is necessary that the bones, like 
every other substance of the animal frame, 
should be punctually supplied with the elemen- 
tary matter, or the means of forming the ele- 
mentary matter, of which it essentially consists, 
the old matter of every kind being worn out by 
use, and carried away by a-distinct set of vessels, 
called lymphatics or absorbents. It is the 
office of the digestive organs to receive such 
supply from without, and td prepare it for the 
general use. And hence, if wc could conceive 
it 'possible for these organs, or any organs de- 
pendent upon them, to be so peculiarly diseased 
as to be incapable of preparing or conveying to 
the bones a sufficient quantity of lime, (of which 
some portion is contained in almost every kind 
of food,) to supply the place of that which is 
peri>etually passing off, the necessary conse- 
quence would be, that the bones would progres- 
sively lose their hardness, and become cartila- 
ginous and pliable. Now we sometimes do 
meet with the digestive or the secretory organs 
affected by such a kind of disease, and that both 
in children and adults. In children it is more 
common^ and is called rickets j in grown persons 
it is simply called a softness of the bones, or 
MOLLiTifes ossiUM. In the former case, the 


wive its fellow, when she was suddenly stopped by the 
tinapirc, whe declared the victory to be hers. Plin. Hist. Nat. 
hb. ix. 
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sof tened spine becomes bent from the weight of 
the head, and other extremities, which it is now 
no longer able of sustaining, while the chest 
and most of the limbs partake of the general 
distortion. In the latter case many of the bones 
are sometimes reduced to imperfect’ cai'tilages, 
and can be bent and unbent in any direction. 

Lime, however, is never found in the animal 
system in its pure state, and is certainly never 
introduced into it in such a state. It is usually 
combined with some acid, either the phosphoric, 
in which case the compound is called phosphate 
of lime, or carbonic acid gass, when it is called 
carbonate of lime, or common chalk. 

It is of no small importance to attend to the 
nature of these two acids ; for it is the difference 
between them that chiefly constitutes tlie differ- 
ence between bones and shells ; bones uniformly 
consisting of a larger proportion of phosphate of 
lime, or lime and phosphoric acid, and a less 
proportion of carbonate j and shells of a larger 
proportion of carbonate of lime, and a less pro- 
portion of phosphate. There are a few other 
ingredients that enter into the composition .of 
both these substances, and which are chiefly 
obtained from the materials of common salt, as 
sulphuric acid and sodaj but the proportions 
are too small to render it necessary to dwell 
uppn them in a course of popular study. Bones, 
shells, Cartilages, and membranes may there- 
fore be regarded as substances of the same kind, 
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4ifFe/ing only in degree of solidity -from the 
different proportions that they possess of albu- 
men and salts of lime. 

Teeth, horn, coral, tortoise-shell, fish-scales, 
andtlie crustaceous integuments of crabs, mille- 
pedes, and beetles, arc all compounds of the same 
elements combined in different proportions, and 
rendered harder o^^ softer as they possess u larger 
or smaller quantity of calcareous salts ; ivory and 
the enamel of teeth possessing the largest quan- 
tity, and consisting jilmost exclusively of phos- 
phate of lime, with a small proportion of animal 
matter. 

The gelatine and albumen are unquestionably 
generated in the animal system itself from the 
different substances it receives under the form of 
food ; and it is curious to observe the facility 
and rapidity with which some animals are cap- 
able of producing them. The gastrobranchus 
cipcus, or hag-fisli, a small lamprey.like animal 
of not more than eight inches long, will convert 
a large vessel of water in a short perioil of tim| 
into size or mucilage, of such a thickness tha^ 
it may be drawn out in threads. The form 
•habits of this little animal are singular : Linneus 
regarded it as a worm ; but Bloch has removed 
it, and with apparent propriety, into the class of 
fishes. ,lt is a cunning attendant upon the 
hooks of thd fisherman j and as soon as it per- 
ceives a larger ifisli to be taken, and by* its cap- 
tivity rendered incapable of resistance, it darts 
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into its mouth, preys voraciously, like the fabled 
vultures of Prometheus, on its inside, and works 
its way out through the fish’s skin. 

But though gelatine and albumen are unques- 
tionably animal productions, the one a secretion 
from the blood, and the other a constituent 
principle of it, there is a doubt whether lime 
ought ever to be regarded in the same ch'aracter. 
A very large portion is jierpetually introduced 
into the stomach from without. In our lecture 
on the analogy between the structure of plants 
and of animals*, I had occasion to observe, 
that it forms an ingredient in common salt ; not, 
indeed; necessarily so, but from the difficulty of 
separating the other ingredients from their com- 
bination with it : yet it enters not more freely 
into common salt than into almost every other 
article, whether animal, vegetable, or mineral, 
of which our diet is usually composed. And 
upon this common fact it is more generally con- 
ceived, at present, to be a substance communi- 
cated to the animal frame, than generated by it. 

This opinion, however, is by no means estab- 
lished ; and there are many circumstances that 
may lead us to a contrary conclusion. Though 
almost every kind of food contains some por- 
tion of lime, it by no means contains an equal 
portion } and yet we find that a healthy young 
animal, whatever be the soft of food on which 
it is fed, will still provide lime enough from 


* Vol. I. Scr. I. Led. viii. 
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some quarter or other to satisfy tlie demand of 
its growing bones, and to maintain them in a 
due degree of solidity and hardness. 

Again, the soil of some countries, as the 
mountains of Spain, for example, consists almost 
entirely of gypsum or some other species of lime- 
stone ; while in oth^r countries these are sub- 
stances *very rarely to be met with. It is a 
curious fact, that in that vast part of the globe 
which has been latest discovered, and to which 
modern geographers have given the name of 
Australia, comprising New Holland and the 
islands with which its shores are studded, not 
a single bed or stratum of limestone has hitherto 
been detected, and the builders are obliged 
to make use of burnt shells for their mortar, 
for which I have lately advised them to sub- 
stitute burnt coral. * Now, it would be natural 
to suppose that the animals and vegetables 
of such a country would partake of the defi- 
ciency of its soil, and that the shells ahd bones 
which it produces would be less compact in 
their texture than those of other countries'} yet 
this supposition is not verified by fact : nature is 
still adequate to her own work ; the bones of 
animals are as indurated and perfect in these 
regions as in any parts of the old world ; while 
the shells are not only as perfect, but far more 
numerous; and the frequent reefs of coral, 

* It is understood that some beds of chalk have since been 
discovered on the farther side of the Bine Mountaitis ; but 
none is still to be traced 011 the higher side, in any of the set- 
tieiiients of the colony. 
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altogether an animal production, that shoot forth 
from the shores in bold and massy projections, 
prove clearly that a coral rock, largely as it 
consists of lime, forms the basis of almost every 
island. 

The prodigious quantity of lime, moreover, 
that is secreted by some animals at stated 
periods, beyond what they secrete at other times, 
seems to indicate a power of generating this 
earth in their own bodies. The stag, elk, and 
several other species of the deer tribe, cast their 
antlers annually, and renew them in full perfec- 
tion in about twelve weeks. Tliese antlers are 
real bones j and those of the elk are sometimes 
as heavy as half a hundred pounds weight, and 
in a fossil state in Ireland have been dug up 
still heavier, and of the enormous measure of eight 
feet long, and fourteen feet from tip to tip ; on 
beholding which, we may well, indeed, exclaim 
with Waller, — 

O fertile licad ! which every year 

Could such a crop of wonders bear. 

In like manner, many species of the crab and 
lobster tribes annually throw off and renew the 
whole of their crustaceous covering, and appa- 
rently without any very great degree of trouble. 
The animal at this time retires to some lonely 
and sheltered place, where, in its naked and 
defenceless state, it may avoid the attack of 
others of the same tribe which are not in the 
same situation : a line instinctively drawn now 
separates the shell into two parts, which are 
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easily shaken ofli wlien the secernent vessels of 
the skin pour forth a copious efflux or sweat of 
calcareous matter all over the bo(l 3 ^ the more 
liquid parts of W'hich are as rapjill) drunk up 
by the absorbent vessels, so tliat a new calca- 
reous membrane is very soon produced, wliicli 
as speedily hardens iiito a new calcareous crust, 
and the entire process is compleicd in about a 
fortnight, d'ljis 'genus, also, in mutiy of its 
species, is capable of repioducing an onlire limb, 
with the whole of its calcareous casing, when- 
ever dejirived of it by accident or disease, or it 
voluntaiiJy throws it otli as 1 liavc already ob- 
served it is capable ol doing, to cxtiicate itself 
from being seized hold off"j though tlic new limb 
is seldom so large or powerliil as the original. 
So, in other animals we sometimes tind a huge 
and preternatural seeretion of ealcaieous matlef . 
in consequence of a diseased habit of paili, uLu- 
organs, or of the system geuerully. Tlie immau 
kidney^s are too often sidyeet to a moibid aflee- 
tiou of tliis kind, w’bcnce a (fcqiient necessity 
for one of the most painful operations in --m. 
gery. The chalk-stones, as they are erroni'ously 
called, that are often produced in protractctl fits 
of gout and rheumatism, are rather lit hate of soda 
than any compound of lime; hut instances are 
not wanting in which one of the lungs has been 
found converted into an entire quarry of lime- 
stone. 

In the Transactions of the Royal Society there 
are several cases related of young persons who. 
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in consequence of a morbid habit, threw out a 
variety of calcareous excrescences, either over 
the hands and feet, or over the whole body *; and 
abonf f()iir years since, a Leicestershire heifer, 
nas ixMbilcd for a sliow in this metropolis, the 
heat! and nt'ck of which were completely em- 
bedded horn;, excjcscenccs of this kind, and 
the hack and limb'. ])rofnV,ely sprinkled over 
widi ihent : M)me of the lio’i'^s, aiid especially 
th(4^e aboil! tiu deu-Iap, were as lono- aiul as 
large as the natiiial horns ol’ the foreln ad, but 
{1 ki were much more calcareous and brittle. 
A t'aKaieeus M-iiifi moreotor, wa- secreted over 
e\(r\ pail of the skin, wlm li, wbonever the skin 
was sciaiehtii oi bitten, united with the fluid that 
oo/ed tort h, lainifictl, atid divaricated into masses 
of small ro.ses. At tlie reipiest of the proprietor 
I took an accoiuii of this extraordinary animal, 
and Iiave since communicated it to the Royal 
(Society. In all other respects it was in good 
liealth j its si/.e was proportionate to itsj’Kg.jmer^ 
its ap[)Clite enabled it to digest fftequeutly the 
kind equally ; and though, i’lly on the coast of 
this, its diet had been ^frequently on that of 
propensity to a secrt'tivas traced some centuries 
continued the same ucce in the river Conway in 
It appears, iherefaid to have been acquainted 
the animal ccononthich he could excite at plea* 
generating lime, ■ new pearls in the pearl-oysters 
in Ins reservoirs. It is generally 
* S(‘o ais,o F ^ diseased secretion somewhat 

rhil. 1 vans, ioi^ ^ 
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out of the (Jifferemt materials introduced into the 
stomach in the form of food. Vauquelin endea- 
voured to decide the question by a variety o^ 
•experiments upon the nature of* the egg-shells ol 
a sitting hen, and an examination into the pro- 
portion of calcareous matter contained in a given 
weight of shells, compared with the calcareous 
matter furnished by her food, and that discharged 
as a recrement; a'^id, solar as these experiments 
go, they support the opinion ol' a generation of 
lime, and that in very considerable abundance, 
the weight secreted appearing to have been five 
times as much as that introduced into the 


stomach. But to determine the (piestion incon- 
trovertibly requires so nice a precision in the 
mode of conducting such experiments, as, from 
a variety of circumstances, it seems almost im- 
possible to attain. 

It is to the power which the living principle 
possesses, either of secreting or generating the 


of lime by its natural action, that we 

!on o Ua ,, elegant shells that 

lor one of the • x i 

, ,, of the conchologist, and seem 
gery. 1 he chalk-stoi. . i x xt. • 

" ,f , ^ •’r in the beauty of their 

called, that ari' often pi\ , . . , /• xi • 

\ * d irndescence of their 

of gout and rheumatism, Hi, . « x- xu • 

, x’l- 1 inflection of theu' 
than any compound of hm , • , 

^ , ower which the same 

not wanting in which one oi . , x l 

X , X 1 • X X? this substance by 
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In the Transactions of the Iloya,' 


e not only those 
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nts of super- 
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which in Spain, Portugal, and even Holland, were 
lately worn as amulets against contagion, and 
which have been let out for hire at a ducat a day, 
and been sold as high as three hundred guineas 
a piece j and those delicate pearls which con- 
stitute an object of desire among the fair sex of 
every country, and which give additional attrac- 
tion to the most finished form. 

The first are usually obtain^ from the stomach 
or intestines of the goat or antelope ; in the latter 
case being called oriental bezoards, and pos- 
sessing the highest value. The most esteemed are 
those obtained from the stomach of that species 
of the oriental antelope called the gazel, to which 
the Persian and Arabian poets arc perpetually 
adverting whenever they stand in need of an 
image to express elegance of form, fleetness of 
speed, or captivating softness of the eyes. The 
second are obtained from the inside of the shells 
of the mytilus margaritrferm and iiiya margarijtu 
fera, pearl-muscle and pearl-oyster j the former, 
producing the largest and consequently the 
richest, is found most commonly on the coast of 
Ceylon ; the latter not unlrequently on that of 
our own country, and was traced some centuries 
ago in great abundance in the river Conway in 
Wales. Linn6us is said to have been acquainted 
with a process by which he could excite at plea- 
sure a secretion of new pearls in the pearl-oysters 
which he kept in his reservoirs. It is generally 
supposed to be a diseased secretion somewhat 

T 4 
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similar to that of the stone in the human 
bladder. 

The murex tritonis, or musical murex, is here 
also worth noticing. Its calcareous shell is 
ventricose, oblong, smooth, with rounded wliorls, 
toothed aperture, and short beak, about fifteen 
inches long, white, and appearing as if covered 
with brown, yellow,^ and black scales. It inhabits 
India and the South Seas, aird is used by tlte 
New Zealandcrs/ as a musical shell, and by the 
Africans and many nations of the East as a 
military horn. 

Before we quit this subject, I will just observe, 
that it is to the same tiibe we are indebted for 
our nacre or mother-ofipearl, w'hich is nothing 
more than the innermost layers of the shell, in 
which the morbid works or concretions which 
we call pearls lie embedded ; and that to the 
same order ol' shells the Indians owe their wam- 
pum or pieces of common money, which are 
Ibnned of the Venus mercemria, or clam-shell, 
f ound in a fossil state ; and that our own heralds 
owe the scallop, ostrea maximo, that so often 
figures in the field of our family arms, and was 
formerly worn by pilgrims on the hat or coat, 
in its natural state, as a mark that they had 
crossed the sea for the purpose of paying their 
devotions at the Holy Land. 

From tliese facts and observations we cannot 
but behold the great importance of lime in the 
construction of the animal frame, the extensive 
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use which is made ol’ it, and the variety of pur- 
poses to which it is applied : combined in different 
proportions with' gluten and albumen it affords 
equally the means of strength and protection, 
produces the bones within and tiie shells without, 
the external and internal skeleton, and is dis- 
coverable in every class, order, and even 
genus of animals, except a very few of the soft 

worms and insects in their ff,rst and unfinished 

\ 

state. 

It is hence the ceramb}\, and several otliei 
tiibcs of insects aie able to make that shrill sound 
which tlicy give foith on being taken, and which 
appears like a ciy fiom the mouth, but is in 
reality nothing more than the fiiction of the 
chest of the insect against the upper part of its 
abdomen and wing-shells. And it is hence, also, 
that the ptinus Jhtidicu.s, or death-watch, pro- 
duces those measured strokes against the head 
or other part of a bed in the middle of the night, 
which art' so alarming to the fearful and super- 
stitious; but which m truth are nothing more than 
a call or signal by which the one sex is enticed 
to the other, and is merely produced by ,the 
insect’s striking the bony or horny front of its 
head against the bed-post, or some other hard 
substance. 

Having, then, taken a brief survey of the 
elementary nature and chemical composition of 
these harder parts of the animal frame; I sliall 
proceed to make a few remarks upon the relati^ e 
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powers of each, and their diversified applica> 
tions amidst the different kinds of animals in 
which they are employed. 

The BONES in their colour are usually white ; 
but this does not hold universally, for those of 
the gar-pike (esox Belone) are green ; and in 
some varieties of the<common i'owl they approach 
to a black : Abelfazel remarks this of the fowls 
of Berar, and Niebuhr of those of Persepolis. 

The bones of an animal, wherever they exist, 
are unquest^ably the levers of its organs of 
motion : ag»fl so far the mechanical theorists are 
correct, ^n man and quadrupeds, whose habits 
require solidity of strength rather than flexibility 
of accommodation, they are hard, firm, and un- 
pliant, and consist of gluten fully saturated with 
phosphate and carbonate of lime. In serpents 
and fishes, whose habits, on the contrary, demand 
flexibility oi‘ motion, they arc supple and car- 
tilaginous j the gluten is in excess, and the 
phosphate of lime but small in proportion to it, 
and in some fishes altogether deficient in the 
composition of ^ their skeleton, though still 
traceable in their scales and several other parts. 
In birds, whose natural habits demand levity, 
the bones are skilfully hollowed out and com- 
municate with the lungs, and instead of being 
filled with marrow are filled with air, so that the 
purpose for wliich the structure of birds was 
designed is as obvious, and as deeply marked, in 
(he bones as in the wings, whose quills also are 
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Ibr the same reason left hollow, or rather are 
filled with air, and in many tribes communicate 
with the lungs as the bones do. 

The skeleton of the cuttle-fish (sepia offichialis) 
is extremely singular : its back-bone, for some 
purpose unknown to us, is much broader than 
that of any other aquatic animal of the same 
size, and of course would be much heavier but 
for a curious contrivance to prevent this effect, 
which consists in its being exquisitely porous and 
celhdac, and capable, like the bones of birds, of 
becoming tilled with air, or exhausted of it, at the 
option of the animal, in order to ascend or 
descend with the greater facility. It is an 
animal of this kind, or closely akin to it*, that 
inhabits the shell of the beautiful paper-nautilus, 
and still more beautiful pearl-nautilus (argonauta 
and nautilus tribes), and which hence obtain no 
inconsiderable portion of that lightness which 
enables them, with their extended sails, to scud 
so dextrousiy befbiethe wind. In the calamary 

* The animal has commonly been supposed to be a real 
sepia or cuttle-fish ; but several naturalists have of late 
doubted this, inasmuch as there are a few marks of distinction 
that seem to take it out of this genus, llafinesque has hence 
made another genus, for the purpose of receiving those u^hich 
possess these distinctive signs ; and Dr. Leach has l^itely dis- 
tinguished it specifically, in consequence of specimens sent 
home from the unfortunate Congo expedition, as collected by 
Cranch, by the name of Ocythoe Cranchiu Even this animal, 
liowever, is regarded as a parasite in the shell, and only pos- 
sessing if when empty. The proper animaj is not known to 
the present hour. See Phil. Trans. 1817, p. 293. 
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(sepia LoUgo) we meet with an approach towards 
the same contrivance, in a kind of leafy plate 
introduced into the body of the animal ; and 
even in the cloak of tlic slug tribe we trace 
something of the same sort, though propor- 
tionably smaller, and verging to the nature of 
horn. 

Generally speaking, the bones grow cartilagi- 
nous towards their extremities, and the muscles 
tendinous; by Avhich means the fleshy and 
osseous parts of the oi’gans of motion become 
assimilated, and fitted for that insertion of the 
one part into the other upon which their mutual 
action dejiends. The extent and nature of the 
motion is determined by the nature of the arti- 
culation, which is varied with the nicest skill to 
answer the purpose intended. In osLraceous 
worms the only articulation is that of the hinge: 
in the cancer tribes the tendon is articulated 
with the crust, whence the wonderful strength 
and activity of the claws; and it is articulated 
in a similar manner with the scaly plates of 
some species of the tortoise. In insects the 
])art received and the part receiving form each a 
segment of a spheroid ; whence the motion niay 
be either rotatory or lateral, at pleasure. In 
mammalian animals the lower jaw only has a 
power of motion ; but in birds, serpents, and 
fishes the upper jaw in a greater or less decree 
possesses a similar power. 

The motion.qf serpents is produced, according 
to Sir Everard Home, by .their ribs, Avhich for 
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the most part accompany them, not only as 
organs of respiration, but from the hind extre- 
mity to the neck, and are possest of a peculiar 
power of motion by means of peculiar muscles. 
“ I’he vertebrae are articulated by ball and socket- 
joints (the ball being formed upon the lower, and 
the socket on the upper one), and have therefore 
much more extensive motion than in other 
animals.” In -the draco volans the skeleton of 
the wings is formed out of ribs which “ are 
superadded for this purpose, and make no part of 
the organs of respiration ; tiieribs in these animals 
appear to work in succession, like the feet of a 
caterpillar.” 

The TEETH vary in their form and position 
iilmost as much as the bones. Where jaw-bones 
exist they arc usually fixt immovcably in their 
sockets ; but in some animals a few of them are 
left moveable, and in others the whole. The mus 
marilimus, or African rat, the largest species of 
this genus which has hitherto been discovered, 
and seldom less than a full-sized rabbit, has the 
singular property of' separating at pleasure to a 
considerable distance the tw"6 front-teeth of the 
low’er jaw, which are not less than an inch and a 
quarter long. That elegant and extraordinary 
creature the Kangaroo, which, from the increase 
that has lately taken place in his Majesty’s 
gardens at Kew, we may soon hope to see 
naturalized in our own country, is possessed of a 
similar faculty. And the hollow tusks or poisoning 
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fangs of the rattle-snake, and other deadlj 
serpents, are situated in a peculiar bone on eacii 
hide of the upper jaw, so articulated with the 
rest-, that the animal can either depress or elevate 
them at his option. In a quiescent state they 
are recumbent, with their points directed in- 
wards ; but whenever the animal is irritated he 
instantly raises them ; and at the moment they 
inflict a wound, the poison, which lies in a reser- 
voir immediately below, is injected through their 
tub^ by the act of pressure itself. 

In the shark and ray genera the whole of the 
teeth are moveable, and lie imbedded in jaw- 
cartilages instead of in jaw-bones, and like the 
fangs of the poisonous serpents are raised or 
depressed at pleasure. The teeth of the xiphias 
GladiuSy or sword-fish, are similarly inserted ; while 
his long sword-like snout is armed externally, and 
on each side, with a taper row of sharp, strong, 
pointed spines or hooks, which are sometimes 
called his teeth, and which give rise to his 
popular name. 

The ant-eater and manis swallow their aliment 
whole : and in mafiy animals the jaws themselves 
perform the office of teeth, at least with the 
assistance of tlie tongue. In birds this is generally 
the case, sometimes in insects, whose jaws are for 
this purpose serrated or denticulated at the edge, 
and frequently in molluscous worms. The jaws 
of the triton genus act like the blades of a pair of 
scissars. The snail and slug have only a single 

7 
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jaw, semilunar in its form, and denticulated : • but 
the mouth of the nereis has several bony pieces. 
The sea-mouse (aphrodita aculeald) has its teeth, 
which are four, fixed upon its proboscis, and is of 
course able to extend and retract them at plea- 
sure ; and the leech has three pointed cartilagi- 
nous teeth, which it is able to employ in the same 
way, and by means of which it draws blood freely. 
In like manner, though insects chiefly depend 
upon a serrated jaw, yet many of them ^'e also 
possessed of very powerful fangs, of wIiiot wc 
have a striking instance in the aranca avicularia, 
or bird-spider, an inhabitant of South America, 
found among trees, and a devourer ol‘ other 
insects and even small birds. It is of so enormous 
a size that its fangs are equal to the talons of a 
hawk ; and its eyes, which arc eight in number, 
arranged as a smaller square in tlie middle of a 
larger, are capable of being set in the manner of 
lenses, and used as microscopes. 

In many animals, especially the hcibivorous, 
the tongue itself is armed wdth a serrated 
apparatus, the papillfp being pointed and reciu- 
vated, and enabling them to tear up the grass 
with much greater tacility. In the cat-kind the* 
tongue is covered with sharp &ud strong prickles, 
which enable the animal to take a strong hold ; 
and similar processes are met with in the bat and 
theopossum. In the lamprey and myxine families, 
the tongue itself is covered with teeth. In that 
grotesque and monstrous bird the toucan, whose 
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bill is nearly as large as its whole body, the 
tougue is lined with a bundle of feathers, of the 
use of which, however, we arc totally ignorant, 
though it is probably an organ of taste. 

In the crab and lobster tribes the teeth are 
placed in the stomach, the whole of which is a 
very singular organ. It is formed on a bony 
apparatus, and hence does not collapse when 
empty. The teeth arc inserted into it round its 
lower aperture or pylorus: their surface is ex- 
treriHly' hard, and their margin serrated or 
denticulated, so that nothing can pass through 
the opening without being perfectly comminuted. 
The bones and teeth are moved by peculiar 
muscles. It is a curious liict, that at the time 
the animal throws off' its shell, it also disgorges 
its bony stomach and secretes a new one. 

The teeth of the cuttle-fish are arranged not 
very differently, being situated in the centre of 
the lower part of the body ; they are two in 
number, and horny, and in their figure exactly 
resemble the bill of a parrot. 

The teeth of the echinus genus (sea-hedge-hog) 
are of a very singular arrangement. A round 
opening is left in the centre of the shell for the 
entrance of the food : a bony structure, in which 
five teeth are inserted, fills up this aperture ; and 
as these parts are moveable by numerous muscles, 
they form a very complete organ of mastication. 

Such is the variety which the hand of nature, 
sometimes, perhaps, sportive, but always skilful. 
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has introduced into the structure and arrange- 
ment of the teeth of animals, or the organs that 
are meant to supply their place. 

The SKIN AND ITS APPEND \GES offer .an equal 
diversity, and constitute the next subject of our 
enquiry. 

All living bodies, whether animal or vege- 
table, are furnished with this integument: in 
all of them it is intended as a defence against 
the injuries to which, by their situation, they 
are commonly exposed ; and in most of them it 
also answers the purpose of an emunctory organ, 
and throws off from the body a variety of' fluids, 
wdiich either serve by their odour to distinguish 
the individual, or are a recrement eliminated from 
its living materials. 

This integument accompanies animals and 
vegetables f'rom their first formation : it involves 
equally the seed and the egg ; and possessing a 
nature less cornqitible than the parts it incloses, 
often presei V es them uninjurctl for many years, 
till they can meet with the proper soil or season 
for, their healthy and perfect evolution. 

This is a curious subject, and must not be 
too hastily passed over. After fish-pontls have 
been frozen to the very bottom, and all the 
fishes contained in them liestroyed ; or after 
they have been completely emptied, and cleared 
of their mud ; eels and other fishes have been 
again found in •them, thougli, no attempt has 
been made to re-stock the ponds. Whene'e has 
proceeded this reproduction Many of the 

VOL. I. u 
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ancient schools of philosophy, and even some of 
those of more modern date, refer us to the doc- 
trine of spontaneous generation, and believe 
that they have here a clear proof of its truth. 
But this is to account for a difficulty by involving 
oiu:selves in one of a much greater magnitude. 
It is a petitio principii which we stand in no need 
of, and which we should be careful how- we con- 
cede. The reproduced fishes have alone arisen 
from the ova of those which formerly inhabited 
the fish-pond ; and which, from some cause 
or other, had sunk so deep into the soil, as to 
be beyond the germinating influence of the 
warmth and air contained in the supernatant 
.water, communicated to it by the sun and the 
atmosphere. But the indestructible texture of 
the integument which inclosed the fecundated 
ova has preserved them, perhaps for years, from 
injury and corruption ; and they have only 
waited for that very exposure to light, air, and 
warmth, which the removal of the superior stra- 
tum of mud has produced, to awaken from their 
dormant state into life, form, and enjoyment ; 
and but for which they would have remained in 
the same state, dormant but not destroyed, for 
ten or twelve times as long a period. 

So, in the hollows upon our waste lands, when 
they have been for some time filled with stag- 
nant water, we not unfrequently find eels, 
minow's, and other small species of the carp 
genus; leeches * and water insects, and wonder 

Wild. ]). 120. note. 
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how they could get info such a situation. But 
the mud which has been emptied out of the 
preceding fish-pond has perhaps been thrown 
into these very liollows ; or the ova of the ani- 
mals have been carried into the same place by 
some more recondite cause ; and they have been 
waiting, year alter year, for the accidental cir- 
cumstance which has at length arrived, and given 
them tlie full influence of warmth, water, light, 
and air. 

The o>'a of many kinds arc peculiarly light, 
and almost invisibly minute. They are hence, 
when the mud, whicli has beeii removed from 
fish-ponds, becomes dry and decomposed into 
powdei-, swept by the breeze into the atmo- 
sphere, from wliich they have occasionally 
descended into the large tanks which are made 
in India as reservoirs for rain-water j and 
producing their respective kinds in this situa* 
tion, have appeared, to the astonishment of all 
beholders, to have fallen from the clouds with 
the I’ain itself. Dr. Thomson, in adverting to 
this curious fact, observes that it is difficult to 
account for it satisfactorily.* The explanation 
now oflered will, if I mistake not, sufficiently 
meet the case. 

Many insects can only be hatched in a parti- 
cular animal organ j and it is the office of the 
integument of the ovum to preserve it in a per- 
feet state till it has an opportunity of reaching its 


* Anoals of Philos, vili, p. 70, 
U 2 
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pro|)er nidus. Thus the horse gadfly, or oestrus 
equi, deposits its eggs on the hairs of tliis ani- 
mal, and sticks them to the hair-roots by a 
viscous matter which it secretes for this purpose. 
But here they could never be hatched, though 
they were to remain through the whole life of 
the horse : their proper nidus is the horse's 
stomach or intestines, and to this nidus they 
must be conveyed by some means or other j and 
in their first situation they must remain and be 
preserved, free from injury or conniption, till 
they can obtain such a conveyance. The integu- 
ment in which they aie wrapped up gives them 
the protection they stand in need of j and the 
itching which they e.\cite in the horse’s skip 
compels him to lick the itching part wil,V IV'iS 
tongue j and by this simple contrivance the ova 
of the gadfly are at once conveyed to his mouth, 
and pass with the food into the very nidus which 
is designed fox' them. 

It is the same integument that, by its incor- 
ruptibility, preserves the caterpillar during the 
torpitude of its chrysalid state, while suspended 
by a single thread from the eaves of an incum- 
bent roof; and which thus enables the worm to 
become transformed into a butterfly. The lar^e 
of the gnat, when approaching the same defence- 
less state, dives boldly into the water, and is 
jirotected by the same indestructible sheath from 
the dangers of an untried element. 

In several species the insect remains in its 
chrysalid state for many’ years: the locust, in 
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one of its species at least, the cicada sepkn- 
(lecini, appears in numbers once only in seventeen 
years, and the palmer-worm once only in thirty 
years ; cycles not recognised by the meteoro- 
logist, but which are -well entitled to his atten- 
tion: and, througli the whole range of their 
duration, it is the integument we are now speak- 
ing of that furnishes the animal with a secure 
protection. 

Whence comes it that plants of distant and 
opposite climates (for every climate has its 
indigenous plants as well as its indigenous 
animals) should so frequently meet together in 
the same region ? that those which naturally 
belong to the Cape of Good Hope should be 
found wild in New Holland ? and those oi' 
Africa on the coast of Norway ? and that the 
Floras of every climate under the heavens should 
consociate in the stoves and gardens of our own' 
country? It is the imperishable nature of the 
integument that surrounds their seeds by which 
this wonder is chiefly effected. Some of these 
seeds are provided with little hooks, and 'fasten 
themselves to the skins of animals, and arc thus 
carried about from place to place j others adjiere 
by a native glue to the feathers of water-fowl^, 
and arc washed off in distant seas ; while a third 
sort are provided by nature with little ilowiiy 
wings, and hence rise into the atmosphere, and 
ai'e blown about by the breezes towards every 
quarter of the compass. Of this lafst kintl is 
the light seed ‘of the Iretula a/ba, or birch-tree j 

V -'i 
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wJlicli, in consequence, is occasionally seen gei- 
minating on the summit of the lol'tiest rocks 
and the tops of the highest steeples.* But it is 
to man himself that this dissemination of plants 
is chiefly owing. He who in some sort com- 
mands nature — who changes the desert into a 
beautiful landscape — who lays waste whole 
countries, and restores them to their former 
fruitfulness — is the principal instrument of 
enriching one country with the botanical trea- 
sures of all the rest. Wars, migrations, and 
crusades, travel, curiosity, and commerce, have 
all contributed to store Europe with a multitude 
of foreign productions, and to transplant oui* 
own productions into foreign quarters. Almost 
all the culinary plants of England, and the 
greater number of our species of corn, have 
reached us from Italy or the East 1 ) America 
has since added some ; and it is possible that 
Australia may yet add a few more. 

The utmost period of time to which seeds 
may hereby be kept, and be enabled to retain 
their vital principle, and consequently their 
power of germination, has not been accurately 
determined, but we have proofs enough to show 
that the duration may be veiy long. Thus, 
M. Triewald relates that a paper of melon- 
seeds, found in 1762, in a cabinet of Lord Mor- 

* There is an inlercbling article on this subject published 
long since the above was delivered, uu account of which 
iiiiXy be found in the Journal of Science and^tbe Arts, No. vii. 
p. 3. 

f Wildenow, rrincipleb, ik-c. §357. 
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timer, and apparently collected in 1660 , were 
then sown, and produced flowers and excellent 
fruit and Mr. R. Gale gives an instance of a 
like effect from similar seeds after having been 
kept thirty-three years.+ 

M. Saint-Hilaire sowed various seeds belong- 
ing to the collection of Bernard de Jussieu, 
forty-five years after tlie collection had been 
made. They consisted of tliree hundred and 
fifty distinct species of these nni3,ny, though 
not the whole, proved productive. In some the 
cotyledon appeared to have nearly, )>ut not 
entirely, perished : in which, therefore, though 
the seeds swelled, and promised fairly at first, 
they died away graduidly. And as it is a well- 
known fact that melons improve from seeds that 
have been kept for two or three years, he con- 
ceives that in this case the cotyledons have been 
ripened during such period, t 

Animal seeds or eggs, when perfectly impj’eg- 
nated, appear capable of preservation as long. 
Bomare, indeed, affirms, that he himself found 
three eggs, which, protected from tlie action of 
the air, had continued fresh in the wall of a 
church in which they must have remained for a 
period oi three hundred years.% 

The integument which covers seeds, eggs, 
insects, and worms, seldom consists of more than 

* Phil. Trans, vol. xlii. i Id. vol. xliiL 

^ Tilloch’i. Phil. Mag. vol. .\lii, p. 208. article of M. h.uiit 
Hilaire. 

% Dictioutiiu*, Hrt. Oeuf. 

( I 
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two distinct layers, aad is sometimes only a 
single one; but in the four classes of red- 
blooded animals it consists almost uniformly of 
three layers, which are as follows : first, the true 
skin, which lies lowermost, is the basis of the 
whole, and may be regarded as the condensed 
external surface of the cellular substance, with 
nerves, blood-vessels, and absorbents interwoven 
in its texture ; secondly, a mucous web (rete 
mucosum), yhich gives the different colours to 
the skin, but which can only be traced as a dis- 
tinct layer in warm-blooded animals j ami, 
thirdly, the cuticle, which covers the whole, and 
is furnished in the different classes with peculiar 
organs for the formation and excretion of a 
variety of ornamental or defensive materials — 
as hairs, feathers, wool, and silk. 

The CUTIS, or TUUE skin, is seldlom uniformly 
thick, even in the same animal : thus, in man, 
and other mammals, it is much thicker on the 
back than in the front of the body j but in the 
difierent classes or genera of animals it offers us 
every possible variety. Generally speaking, it 
is thinnest in birds, excepting in the duck tribe 
and in birds of prey. Its consistency and elas- 
ticity in horses, oxen, sheep, and other cattle, 
render it an object of high value, and lay a foun- 
dation for a variety of our most impoitant trades 
and manufactures. In many animals it is so 
thick and tough, as to be proof against a musket- 
ball. It is sometimes found so in the elk, but 
usually so in the elephant, which, at the same 
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time, possesses the singularity of being sensible 
to the sting of flies. The skin of the rhinoceros 
despises equally the assault of swords, musket- 
balls, and arrows. 

I have observed already,, that in many ani- 
mals the skin performs the office of a muscle, 
though it is seldom that any thing like a fibrous 
structure can be traced in it. T^e skin of rftan 
offers a few partial instances of this power, as in 
the forehead and about the neck. In most 
quadrupeds we trace the power extending over 
the whole body, and enabling tliem to throw off’ at 
their option insects and other small animals that 
irritate tliem. The skin of the horse shudders 
through every point of it at the sound of a whip, 
and is said to be generally convulsed on the 
appearance of a lion or tiger. Birds, and espe- 
cially the cockatoo and heron tribes, derive 
hence a power of moving at pleasure the fea- 
thers of the crest, neck, and tailj and the 
hedgehog, of rolling himself into a ball, and 
erecting his bristles by way of defence. 

The colour of the skin is derived from the rete 
MucosuM, or MUCOUS WEB, which, as I have 
already remarked, is disposed between the true 
skin and the cuticle. The name of rete, or web, 
however, does not properly apply to this sub- 
stance, for it has no vascularity, and is a mere 
butter-like material, which, when black, .has a 
near resemblance in colour, as well as consist- 
ency, to the grease introduced between the nave 
of a wheel and its axlctree. It is to this wo owe 
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the beautiful red or violet that tinges the nose 
and hind-quarters of some baboons, and tlie 
exquisite silver that whitens the belly of the 
dolphin and other cetaceous fishes. In the 
toes and tarsal membrane of ravens and turkies 
it is frequently black j in hares and peacocks, 
grey ; blue in the titmouse ; green in the water- 
h€n ; yellow in the eagle ; orange in the stork ; 
and red in some species of scolopax or wood- 
cock. It gives that intermixture of colours which 
besprinkles the skin of the frog and salamander ; 
but it is for the gay and glittering scales of 
fishes, the splendid metallic shells of beetles, and 
the gaudy eye-spots that bedrop the wings of the 
buttei'fiy, that nature reserves the utmost force 
of this wonderful ])igmcnt, and sports with it in 
her happiest caprices. 

The different colours, and shades of colours, 
of the human skin, are attributable to the same 
material. Most of these, however, are inti- 
mately connected with a very full access of solar 
light and heat ; for a deep sun-burnt skin has a 
near approach to a mulatto. * And hence the 
darkness or blackness of the complexion has 
been generally supposed to proceed from the 
effect produced upon the mucous pigment by the 
solar rays, and especially those of the calorific 
kind, in consequence of their attracting and 
detaching the oxygene of the pigment in propor- 
tion to the' abundance witJi which it impinges 


^ Hmubokll, Poliu biir la NoiivcUc Ebjugne, tac* 
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against the animal surface, and, in the same pro- 
portion, setting at liberty the carbone, which is 
thus converted into a more or less perfect char- 
coal. As this, however, is a subject which 1 
shall have occasion to revert to in a distinct study 
upon the varieties of the human race *, it is 
unnecessary to pursue it any farther at present. 

It is a most curious circumstance, that the 
children of negroes are uniformly born white, oi 
nearly so j and that the black pigment Avhich 
colours them is not fully secreted till several 
months after birth. It sometimes happens, 
though I'arely, that from*a morbid state of the 
secretory organs there is no pigment secreted 
at all, or a white pigment is secerned instead of 
a black ; whence we have white negroes, or per- 
sons exhibiting all the common characters of the 
negro breed in the form of the head and features 
of the face, with the anomaly of a white skin. 
And it sometimes happens, though still more 
rarely, that from a similar kind of morbid action 
affecting the secretory organs, the black pigment 
is secreted in alternate or interrupted divisions j 
and in this case we liave negro children with 
brindled, marbled, or spotted skins : an instance 
of which was brought to me by a gentleman 
about two years ago, who had purchased the child 
in America, and who, I believe, afterwards ex- 
hibited it in this metropolis as a public show. 

The CUTICLE is the thinnest of the’ layers that 
form the general integument of the skin. It 

’ Vol. n. ber. k. Loct. iii. 
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often, however, becomes thicker, and sometimes 
even horny, by use. Thus it is always thicker in 
1 he sole of the foot and palm of the hand j and 
horny in the palms of blacksmiths and dyers j and 
still more so in the soles of those who walk bare- 
footed on burning sands. It is annually thrown 
off whole by many tribes of animals — as grass- 
hoppers, serpents, and spiders — and as regu- 
larly renewed ; and by some animals it is 
renewed still more frequently: it is shed not 
Jess than seven times by the caterpillar of the 
moth and butterfly before either becomes a chry- 
salis. There are a few plants that exfoliate their 
cuticle in the same manner, and as regularly 
renew it. The West India plane-tree throws it 
off annually. 

From the cuticle shoots forth a variety of sub- 
stances, which either protect or adorn it, the 
roots of which are not unfrequently imbedded in 
the true skin itselfl Of the harder’ kind, and 
which serve chiefly as a defence, are the nails, 
scales, claws, and horns ; of the softer and 
more ornamental kinds, are hair, wool, silk, and 
feathers. 

Hair is the most common production, for we 
meet with it not only in all mammals, but occa- 
sionally in birds, fishes, and insects, varying in 
consistency and fineness, from a down invisible 
to the naked eye, to a bristle strong enough to 
support, when a foot long, ten or twelve pounds 
weight without breaking. 

Wool is not essentially different m its chemical 
18 
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properties from hair, and it varies equally in the 
fineness and coarseness of its texture. It is gene- 
I'all}' supposed by the growers, that the fineness of 
its texture depends upon the nature of the soil ; 
yet of the two finest sorts we are at present 
aequainted with, that of Spain and that of New 
South Wales, which last is an offset from the 
Cape of Good Hope, and has yielded specimens 
of broad cloth, manufactured in this country, as 
soft and silky as that of unmixed Merino wool — 
that of Spain is grown on a pure limestone soil, 
covered with small leguminous plants instead of 
with grass j and that of New South Wales on a 
soil totally destitute of lime, and covered with a 
long, rich, succulent grass alone. 

Food, however, or climate, or both, must be 
allowed, under certain circumstances, to pos- 
sess a considerable degree of influence ; for 
it is a curious fact, that the hair of the goat 
•and rabbit tribes, and the wool of the sheei) 
tribe, are equally converted into silk by a resi- 
dence of these anim.ils in that district of Asia 
Minor which is called Angora, though we do 
not know that a similar change is produced by a 
residence in any other region ; while, on the 
contrary, the wool of sheep is transformed into 
hair on the coast of Guinea; 

The fine glossy silk of the Angora goat is well 
known in this country, as being often employed 
for muffs and other articles of dress. How far 
these animals might be made to perpetuate thi.s 
peculiar habit by a removal’ from Angora lo 
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other countries has never yet been tried. Upon 
the whole, the soil and climate of New Holland 
offer the fairest prospect of success to such an 
attempt ; and under this impression I have for 
some time been engaged in an endeavour to 
export a few of each genus of these animals from 
Angora to Port Jackson. 

Silk, however, is chiefly secreted by insects, 
as some species of spider, whose threads, like 
the hair of the Angora goat, assume a silky gloss 
and lubricity, and tiie plialmna mori, or silk- 
W'orm, which yields it in great abundance. Yet 
there are a few sliell-fishes which genei'ate the 
same, and especially the genus pinna, or nacre,^ 
in all its species ; whence Reaumur calls this 
kind the sea silk-worm. It is produced in the 
form of an ornamental byssus or beard j the 
animal is found gregariously in the Mediter- 
ranean and Indian seas ; and the weavers of 
Palermo manufacture its soft threads into glossy 
stuffs or other silky textures. And J may 
here obseiwe, that there are various trees that 
possess a like material in the tibi’cs of‘ their bark, 
as the raorus papijrijera, and several other 
species of the mulberry : in consequence of 
which it has been doubted by some naturalists 
whether the silk-worm actually generates its 
cocoon, or merely eliminates it from the supply 
received as its food ; but as the silk-worm forms 
it from whatever plants it feeds on, it is obvi- 
ously an original secretion. 

From the integument of the skin originates 
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also that beautiful plumage which peculiarly 
characterises the class of birds, and the colours 
of which are probably a result of the same deli- 
cate pigment that produces, as we have already 
remarked, the varying colours of the skin itself ; 
though, from the minuteness with which it is 
employed, the hand of chemistry has not been 
a!)le to separate it from the exquisitely fine mem- 
brane in wdiich it is involved. But it is impos- 
sible to follow up this ornamental attire through 
all its wonderful features of gracefid curve and 
irridescent colouring, — of downy delicacy and 
majestic strength, — from the tiny rainbow that 
plays on the neck of the humming-bird, to the 
beds of azure, emerald, and hyacinth, thattesse- 
late the wings of the parrot tribe, or the ever- 
shifting eyes that dazzle in the tail of the pea- 
cock ; — from the splendour and taper elegance 
of the feathers of the bird of paradise, to the 
giant quills of the crested eagle or the condur — 
that crested eagle, which in size is as large as a 
sheep, and is said to be able to cleave a man’s 
scull at a stroke; and that condur which, 
extending its enormous vings to a range of 
sixteen feet in length, has been known to fly off 
with children ol‘ leu or twelve years^ of age. 

Why have not these monsters of the sky been 
appropriated to the use of man? How comes it 
that he who has subdued the ocean and culti- 
vated the earth ; who has harnessed elephants, 
and even lions, to his chariot wheels ; should 
never have availed himself of the wings of the 
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eagle, the vulture, or the frigate pclecan ? That, 
having conquered the difficulty of ascending 
into ^e atmosphere, and ascertained the possi- 
bility of travelling at the rate of eighty miles an 
hour through its void regions, he should yet 
allow himself to be the mere sport of the whirl- 
wind, and not tamo to his use, and harness to his 
car, the winged strength of these aerial racers, 
and tlius stamp with reality some of the boldest 
fictions of the heathen poets? The hint has 
indeed long been thrown out ; and the perfec- 
tion to which the art of' falconry was carried in 
former times, sufficiently seciu'cs it against the 
charge of absurdity or extravagance. 
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LECTURE XII. 

C)N THE DIGESTIVE FUNCTION AND THE ORGANS 
CONTRIBUTORY TO IT: THE DIFFERENT KINDS 
OF FOOD EMPLOYED BY DIFFERENT ANIMALS'. 
CONTINUANCE OF LIFE THROUGH LONG PERIODS 
OF FASTING. 

Under every visible form and modification 
matter is perpetually changing : — not neces- 
sarily so, or from its intrinsic nature ; for the 
best schools of ancient times concur with the 
best schools of modern times, in holding its 
elementary principles, as I have already observed, 
to be solid and unchangeable ; and we have still 
further seen, that, even in some of its com- 
pound, but gasseous, etherialized, and invisible 
forms, it is probably alike exempted from the 
law of change ; while the Christian looks for- 
ward with holy hope to a period when this ex- 
emption will be general, and extend to every 
part and to every compound j to a period in 
which there will be new heavens and a new 
earth, and what is now corruptible will put on 
incorruption. 

At present, however, we can only contem- 
plate matter, under every visible form and modi- 
fication, as perpetually changipg; as living 

VOL. 1. X 
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dying, and reviving ; decomposing into its pri- 
mordial elements, and recombining into new 
forms, and energies, and modes of existence. 
The germ liecomes a seed, the seed a sapling, 
tlie sapling a 'tree : tlio embryo becomes an 
infant, the infant a youth, the youth a man ; 
and having thus ascended the scale of maturity, 
both instantly begin the downward path to decay; 
and, so far as relates to the visible materials 
oJ‘ which they consist, both at length mouldei 
into one common elementary mass, and furnish 
iresh fuel for fresh generations of animal or 
vegetable existence. So that all is in motion, 
all is striving to burst the bonds of its present 
state ; not au atom is idle ; and the frugal 
economy of nature makes oge set of materials 
answer the purpose of many, and moulds it into 
every diversified figure of being, ami beauty, and 
happiness. 

But till the allotted term of existence has 
arrived, animals and vegetables are rendered 
equally capable of counteracting the waste they 
arc perpetually sustaining in their individual 
frames ; and are wisely and benevolently en- 
dowed with Organs, whose immediate function 
it is to prepare a supply of reformative and vital 
matter adequate to the general demand. 

Of this class of organs in plants we took a 
brief survey in our eighth lecture ; and shall now 
proceed to notice the same class as it exists in 
animals, and which is generally distinguished by 
the name of the digestive system. 
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There is, perhaps, no animal function that 
displays a larger diversity of means by which it 
is performed than the present : and, perhaps, 
the only point in which all animals agree is in 
the possession of an internal canal or cavity of 
some kind or other in which the food is digested ; 
an agreement which may be regarded as one of 
the leading features by which the animal struc- 
ture is distinguisliedfrom the vegetable. 

Let us then, in the first place, trace this cavity 
as it exists in man, and the more perfect animals ; 
(he organs which are supposed to be auxiliary 
to it, and the powers by which it accomplishes 
its important trust. l..et us next observe the 
more curious deviatidns and substitutes that 
occur in classes that arc differently formed : and 
lastly, let us attend to a few of the more singular 
anomalies that are occasionally met with, and 
especially in animals that arc capable of sub- 
sisting on air or water alone, or of enduring very 
long abstinences or privations of food. 

The alimentary cavity in man extends from 
the mouth through the whole range of the in- 
testinal canal * : and hence its different parts 
are of very different diameters. In the mouth, 
where it commences, it is wider ; it contracts in 
the esophagus or gullet ; then again widens to 
form the stomach, and afterwards again con- 
tracts into the tube of the intestines. This tube 
itself is also of different diameters in different 
parts of its extent j and it is chiefly on this 

* Stud, of Med, ii. 2. 
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diversity of magnitude, that anatomists have 
established its divisions. Its general length is 
five or six times that of the man himself j and in 
cliildren not less than ten or twelve times, in 
consequence of their diminutive stature. In 
some animals it is imperforate j it is so occa- 
sionally m birds, and fishes, and almost uni- 
formly so in zoophytes. 

Generally speaking, the extent of the digestive 
cavity bears a relation to the nature of the 
aliments by which the individual is designed 
to be nourished. The less analogous these 
aliments are to the substance of the animal they 
are to sustain, the longer they must remain 
in the body to undergo the changes that are 
necessary to assimilate them. Hence the intes- 
tinal tube of herbivorous animals is very long, and 
their stomach is extremely large, and often 
double or triple; whilst the carnivorous have 
a short and straight digestive canal, the food on 
which they feed being already of their own 
nature, and containing a larger quantity of 
nourishment in a less bulk ; and hence demand- 
ing. a smaller proportion both of time and space 
to become fit for use. In this respect man holds 
a medium between the two ; his digestive canal 
is less complex than that of most animals that 
feed on grass alone, and more extensive than 
that of most animals that are confined to a diet 
of their own kind. Man is hence omnivorous, 
and is capable of subsisting on an aliment of 
either sort : and from his digestive organs, as 
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well as from various others, is better qualified 
for every variety of soil and climate than any 
other animal. 

Man, however, is by no means the only 
omnivorous animal in the world ; for the great 
author of nature is perpetually showing us that 
though he operates by general laws, he is in 
every instance the lord and not the slave of 
them. Hence, among quadrupeds, the swine, and 
among insects, the ant, possesses as omnivorous 
a power as man himself, and feeds equally on 
the fleshy parts of animals, and on grain, and 
the sweet juices of vegetables. In consequence 
of this omnivorous power in the ant^ we may 
often make use of him as a skilful, anatomist j 
for, by putting a dead frog, mouse, or other 
small animal in a box perfoi-ated with holes, and 
placing it near an ant-hill, we shall find it in 
a lew days reduced to a jierfect and exquisite 
skeleton, every atom of the soft parts being 
separated and devoured. 

The solid materials of the food are first mas- 
ticated and moistened in the mouth, excepting 
in a few cases, in which it is swallowed whole. 
It is then introduced into the stomach, and 
converted into an homogeneous pulp or paste, 
which is called chyme ; and shortly afterwards, 
by an additional process, into a fluid for the 
most part of a milky appearance, denominated 
chyle ; in which state it is absorbed or drunk up 
voraciously by thousands, and tens of thousands 
of little mouths of very minute vessels, which 

X 3 
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are not often found in the stomach, but line the 
whole of the interior coating of that part of the 
intestinal tube into which the stomach Imme- 
diately empties itself, and which are perpetually 
waiting to imbibe its liquid contents. 
vessels constitute a distinct part of the lymphatic 
system ; they are called lacteals from the usual 
milky appearance of the liquid they absorb and 
contain. They progressively anastomose oi 
unite together, and at length terminate in one 
common trunk, named the thoracic duct, which 
conveys the dificrent streams thus collected and 
aggregated to the sanguineous system, to be still 
farther (jperated upon, and elaborated by the 
action of the heart and the lungs. 

The means by which the food is broken down 
and rendered pultaceous after being received 
into the stomach are various and complicated. 
In the first place, the mnscular tunic of the 
stomach acts upon it by a slight contraction of 
its fibres, and so far produces a mechanical 
resolution : secondly, the high temperature 
maintained in the stomach by the quantity of 
blood contained in the neighbouring viscera and 
sanguiferous vessels, gives it the benefit ol‘ 
accumulated heat, and so far produces a coucoc- 
tive resolution : and thirdly, the stomach itself 
secretes and pours forth from the mouths of its 
minute arteries a very powerful solvent, which 
is by far the chief agent in the process, and thus 
produces a chemical resolution. In this inanuei 
tlie moistened and ' maiiducated food become? 

G 



0'5sr THE DIGESTIVE FUNCTION, ETC. 311 


converted into the pasty mass we have already 
called chyme : and fourthly, there are a variety 
of juices separated from the mass of the blood 
by distinct glands situated for this purpose in its 
vicinity, which are thrown into the duodenum, 
or that part of the canal into which the stomach 
immediately opens, by particular conduits, and 
in some way or other appear to contribute to the 
common result, and to transform the chyme into 
chyle, but concerning the immediate powers or 
modes of action of whicli we are in a considerable 
jlcgree of- darkness. Of these glands the most 
remarkable and the most general are the liver 
and the pancreas or sweet-bread ; the first of 
which secretes the bile, and is always of a con- 
siderable size, and appears to produce a very 
striking effect on the blood itself, by a removal 
of several of its principles, independently of its 
ollice as a digesti\e organ. 

From this brief sui'vey of the process of diges- 
tion it is obvious that the stomach itself performs 
by tar the principal part ; in some animals indeed 
it appears to jicrtbrm the whole ; and it is hence 
necessary that we examine the general structure 
and ijowers of this organ with a little more 
minuteness. ' 

In man the stomach is situated on the left side 
of die midiiff ; in its figure it resembles the 
pouch of a bag-pipe; its left end is most 
capacious ; its upper side is concave, its lower 
convex ; and the two orifices for receiving and 
discharging the food arc both situated in the 

X 4. 
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ujiper part. In its substance it consists of tlircc' 
distinct co^ts or layers, the external and internai 
of which are membranous, - and the middle 
muscuW. The internal coat, moreover, is lined 
with a villous or downy apparatus, and is ex- 
tremely convoluted or wrinkled ; tlie wrinkles 
increasing in size as the diameter of the stomach 
contracts. 

From what I have already observed it must 
appear that the process of digestion in man con- 
sists of three distinct acts : mastication, which is 
the office of the mouth, and by which the food is 
first broken down ; chymification, or its reduc- 
tion into pulp, which is the office of the 
stomach ; and chylification, or its dilution into a 
fluid state, which is the office of that part of the 
intestinal canal which immediately communicates 
with the stomach. The whole of this process 
is completed in about three hours, and under 
certain states of the stomach, to which 1 shall 
advert presently, almost as quickly as the food is 
swallowed. The most important of these three 
actions is that of chymification ; and, while it 
takes place, both orifices of the stomach are 
closed, and a degree of chilliness is often pro- 
duced in the system generally, from the demand 
which the stomach makes upon it for an auxiliary 
supply of heat, without an augmentation oi’ 
which it appears incapable of performing this 
important function. 

Considering the comparatively slender texture 
of the chief digesting organ, and tlie toughness 
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and tlie solidity of the substances it digests, it 
cannot appear surprising that mankind should 
have run into a variety of mistaken theories in 
accounting for its mode of action. Empedocles 
and Hippocrates supposed the food to be softened 
by a kind of putrefaction. Galen, whose doctrine 
descended to recent times, and was zealously 
supported by Grew and Santarelli, ascribed the 
effect to concoction, produced, like the ripening 
and softening of fruits beneath a summer sun, 
by the high temperature of the stomach from 
causes just pointed out. Pringle and Macbride 
advocated the doctrine of fermentation, thus 
uniting the two causes of heat and putrefaction 
assigned by tlie Greek writers j while Borelli, 
Keil, and Pitcairn resolved the entire process 
into mechanical action, or trituration } thus 
making the muscular coating of the stomach an 
enormous mill-stone, which Dr. Pitcairn was 
extravagant enough to conceive ground down 
the food with a pressure equal to a weight of 
not less than a hundred and seventeen *thousand 
and eighty pounds, assisted at the same time, in 
its gigantic labour, by an equal pressure derived 
from the surrounding muscles. * 

Each of these hypotheses, however, was encum- 
bered with insuperable objections j and it is dif- 
ficult to say which of them was most incompetent 
tp explain the fact for which they were invented. 

Boerhaave endeavoured to give them force by 
interunion, and hence combined the mechanical 

* Sec Vol, I. Ser. Lect. x* 
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theory of pressure with the chemical theory of 
concoction; while Haller contended for the 
process of maceration. But still a something 
else was found wanting, and continued to be so 
till Cheselden in lucky hour threw out the hint, 
for at first it was nothing more than a hint, of a 
menstruum secreted into some part of the diges- 
tive system ; a hint which was soon eagerly laid 
hold of, and successfully followed up by Haller, 
lleauimir, Spallanzani, and other celebrated 
physiologists. And though Cheselden was mis- 
laken in the jieculiar fluid to which he asciibed 
the solvent eiieigy, namely the saliva, still he 
led forward to the important fad, and the 
GASTiuc JUICE was sooii afterwards clearly 
detected, arid its power incoutrovertibly estab- 
lished. 

This wonderful menstruum, the most active 
we are acquainted with in nature, is secreted by 
a distinct set of vessels that exist iu the texture 
of the stomach, and empty themselves into its 
cavity bj' innumerable orifices invisible to the 
naked eye ; and it is hence called gastric juice, 
from ywrrjpt which is Greek for stomach. JMr. 
Cruickshank supposes about a pound of it to be 
poured forth every twenty-four hours. “ The 
drink,” says he, “ taken into tlie stomach may 
be two pounds in twenty-four hours ; the 
saliva swallowed may be one pound in the same 
peiiod, the gastric juice another, the pancreatic 
Juice another. The bile poured into the in- 
testines Haller supposes about twenty ounces, 
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besides the fluid secreted tlirough the whole of 
the internal surfaces of the intestines * which 
Haller calculates at not less Aan eight pounds 
in twenty-four hours,— a calculation nevertheless 
that Blumenhach regards as extravagant, f 

The quantity of the gastric juige, however, 
seems to vary very considerably, according 16 
the demand of the system generally, or the state 
of the stomach itself. In carnivorous birds, 
whose stomachs are membranous alope, and 
consequently whose food is chymified by the 
sole aclion of the gastric juice, without any 
collateral assistance or previous masticatiou, this 
fluid is secreted in much larger abundance ; as 
it is also in those who labour under that morbid 
slate of the stomach which is called canine 
api)etite j or wlien, on recoveiy from fevers, or in 
consequence of long abstinence, tlie system is 
j educed to a state of great exhaustion, and a 
keen sense of hunger induces a desire to devour 
food voraciously and almost perpetually. 

Such was the situation of Ailmiral Byron aird 
his two friends Captains Cheap and Ilamilton, 
after tliey had been shipwrecked on the western 
coast of South America, and had been emaciated, 
as he tells us, to skin and bone, by having suflered 
with hunger and fatigue for some months. “ The 
governor,” says Admiral Byron, “ ordered a 
table to be spread for us with cold ham and fowls, 

Aunt, ot the Absorbing Vessels, p. 106. 
i rh)sioh lublitut, xxviL 110. 
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which only we three sat down to, and in a short 
time despatched more than ten men with common 
appetites would hive done. It is amazing that 
our eating to that excess we had done from the 
time we first got among these kind Indians had 
not killed usi,; we were never satisfied, and used 
to take all opportunities, for some months after, 
of filling our pockets when we were not seen, that 
we might get up two or three times in the night 
to cram.ourselves.” * 

•When pure and in a healthy state, the gastric 
juice is a thin, transparent, and uninflammable 
fluid, of a weak saline taste, and destitute of 
smell. Generally speaking it is neither acid nor 
alkaline j but it appears to vary more or less in 
these properties, not only in animals whose 
organs of digestion arc of a different structure, 
but even in the very same animal under different 
circumstances. It may, however, be laid down as 
an established rule, tliat in carnivorous and gra- 
minivorous animals possessing only a single 
stomach, this fluid is acid, and colours blue 
vegetable juices red; in omnivorous animals, as 
man, whose food is composed both of vegetable 
and animal diet, it is neutral ; and in graminivo- 
rous ruminating animals with four stomachs, and 
particularly in the adults of these tribes, it has 
an alkaline tendency, and colours blue vegetable 
juices green. 

* Voyage, p. 181. See alfio Ilunter’is Auimal Kcoiioisiy, 
t). 196. 
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There are two grand characteristics by which 
this fluid is pre-eminently distinguished j a most 
astonishing fliculty of counteracting and even 
correcting putrefaction j and a faculty, equally 
astonishing, of dissolving the toughest and most 
ligid substances in nature. 

Of its ANTISEPTIC powEii abundant proofs 
may be adduced from every class of animals. 
Among mankind, and especially in civilized life, 
tlic (bod is usually eaten in a state of sweetness 
and freshness; but fashion, and the luxurious 
desire of having it softened and mellowed to 
our hands, tempt us to keep several kinds as 
long as we can endure the smell. The wandering 
hordes of gypsies, however, and the inhabitants 
of various savage countries, and especially those 
about the mouth of the Orange river in Africa, 
carry this sort of luxury to a much higher pitch, 
for they have no objection to an oftensive smell, 
and appear to \alue their food in j)roportion to 
its. approach towards putrefaction. Now all these 
foods, whatever be the degree of their putridity, 
are equally lestored to a state of sweetness by 
the action of this juice, a short time after they 
have been introduced into the stomach. 

Dr. Fordyce made a variety of experiments in 
reference to this subject upon the dog, and found 
uniformly that the most putrid meat he could be 
made to swallow, was ip a very short time 
deprived of its putrescency. We cannot there- 
fore be surprised that crows, vultures, and 
hyenas, who find a pleasure in tainted flesh, 
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should fatten upon so impure a diet ; nor that 
the dunghill should have its courtiers among 
insects as well as the flower-garden. 

The gastric juice has hence been employed as 
an antiseptic in a variety of cases out of the 
body. 

Spalanzani has ascertained that the gastric 
juice of the crow and the dog will preserve veal 
and mutton perfectly sweet, and without con- 
sumption, thirty-seven days in winter ; whilst the 
same meats immersed in water emit a fetid 
smell as early as the seventh day, and by the 
thirtieth are resolved into a state of most 
oflensivc liquidity. 

Physicians and surg(*ons have equally availed 
themselves of this corrective quality, and have 
occasionally employed the gastric juice, inter- 
nally in cases of indigestion from a debilitated 
stomach, and externally as a check to gan- 
grenes, and a stimulus to impotent and indo- 
lent ulcers. I do not know that this practice 
has hitherto taken place very largely in our own 
country, but it has been extensively resorted to 
on the continent, and especially in Switzerland 
and Italy $ and in many cases with great success. 

But the gastric juice is as remarkable for its 
solvent, as for its antiputrescent property. Of 
this any industrious observer may satisfy himself 
by attending to the process of digestion in many 
of our most common animals ; but it has been 
most strikingly exemplified in the experiments 
of Reaumur and Spalanzani. Pieces of the 
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toughest meats, and of the most solid bones, 
inclosed in small perforated tin-cases to guard 
against all muscular action, have been repeat- 
C(11y thrust into the stomach of a buzzard : the 
meats were uniformly found diminished to three 
fourths of their hulk iu the space of twenty-four 
hours, and reduced to slender threads ; and the 
bones were wholly digested, either upon the first 
trial or a few repetitions of it. Dr. Stevens re- 
peated the exporiraent on the human stomach 
by nu'ans of a perforated ivory ball, which he 
hired a person at Edinburgh alternately to 
swallow and disgorge, when a like effect was 
observed. 

I'he gastric juice of the dog dissolves ivory 
itself and the enamel of the teeth j that of the 
hen has dissolved an onyx and diminished a 
lonis d’or ; even among insects we find some 
tribes that fatten upon the fibrous parts of the 
roots of trees, and otliers upon metallic oxydes. 
And it is not long since that, upon examining 
the stomach and intestinal lube of a man wlio 
died in one of the public hospitals of this metro- 
polis, and who had some years before swallowed 
a number of clasp -knives out of hardihood, their 
handles were found digested, and their blades 
blunted, though he had not been able to dis- 
chjarge them from his body. 

It is in consequence of this woriderfhl power 
that the stomach is sometinles found in the extra- 


Swannuerdam, Biblia Natufte, p. 108. 
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ordinary condition of digesting itself j and of 
exhibiting, when examined on dissection, various 
erosions in different parts of it, and especially 
towards the upper half, into which the gastric 
juice is supposed to flow most freely. It is the 
opinion o^ Mr. John Hunter *, however, whose 
opinions are always entitled to respect, that 
.such a fact can never take place except in cases 
of sudden death, when the stomach is in full 
health, and the gastric juice, now just poured 
forth, is surrounded by a dead organ. For he plau- 
sibly argues, that the moment the stomach 
begins to be diseased, it ceases to secrete this 
fluid, at least in a state of perfect activity ; and 
that s6 long as it is itself alive, it is capable by 
its living principle of counteracting the effect of 
tills solvent power. Yet a case has lately been 
published by Mr. Burns of Glasgow, in which 
the stomach appears to have been eroded, 
although the death, instead of being sudden, 
did not take place till after a long illness and 
great emaciation of the body. It is possible, 
however, that even here the stomach did not 
participate in the disease. That the living prin- 
ciple of the stomach is capable, so long as it con- 
tinues in the stomach, of resisting the action of 
the gastric juice, can hardly be questioned. And 
it is to the superior power of this principle of life, 
that worms and the ova of insects are so often 
capable of existing* in the stomach uninjured, 


*rhn Tians. 1772 
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and even of thriving in the midst of so destructi- 
ble an agency. 

But though the solvent juice of the stomach 
is the chief agent in the process of digestion, its 
muscular power contributes always something, 
and in many animals a considerable proportion, 
towards the general result ; and hence, the 
shape and structure of this organ, instead of 
being uniformly alike, is varied with the most 
skilful attention to the nature of the mechanism 
by which it is to operate. 

In its general construction the stomach of 
difterent animals may be divided into three kinds; 
membranous, muscular, and bony. The first is 
commonto graminivorous quadrupeds, and to car- 
nivorous animals of most kinds ; to shoe]), oxen, 
horses, dogs, and cats ; eagles, 'falcons, snakes, 
frogs, [newts, and the greater number of fishes, 
as well as to man himself. The second is common 
to graminivorous birds; and to granivorous 
animals of most kinds ; to fowls, ducks, turkies, 
geese, and pigeons. The third, to a few 
apterous insects, a few soft-bodied worms, and 
a few zoophytes ; to the cancer-genus, the cuttle- 
fish, the sea-hedgehog; tubiporesand madrepores. 

Of the membranous stomach we have already 
taken notice in describing that of man ; and at 
the bony stomach we took a glance in a late 
lecture on the teeth and other masticatory 
organs. It only remains, therefore, that we 
make a few remarks on that singular variety of 
the membranous stomach which belongs to 

voE. I. y 
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riwiiinant animals, and on the muscular stomach 
of granivoroHs and graminivorous birds. 

All animals which ruminate must have more 
stomachs or ventricles than one ; some have two, 
some three ; and the sheep and ox not less than 
four. The food is carried down directly into 
the first, which lies upon the left side, and is 
the largest of all ; the vulgar name for this is the 
paunch, 'fherc are no wrinkles on its internal 
surface ; but the food is considerably macerated 
in it by the force of its muscular coat, and the 
digestive secretions which ai’e poured into it. 
Yet, in consequence of the vegetable and un- 
analogous nature of the food, it requires a much 
farther comminution ; and is hence forced up 
by the esophagus into the mouth, and a second 
time masticated ; and this constitutes the act 
called rumination, or chewing the cud. After 
this process, it is sent down into the second 
ventricle, for the esophagus opens equally into 
both, and the animal has a power of directing 
it to which soever it pleases. This ventricle is 
called the bonnet or king's-hood ; its internal 
surface contains a number of cells, and resem- 
bles a honey-comb ; it macerates the food still 
farther ; which is then protruded into the third 
ventricle, that on account of its very numer- 
ous folds or wrinkles, is called many-pUes, and 
vulgarly many-plus. It is here still farther 
elaborated, and is then sent into the fourth ven- 
tricle, which, on account of its colour, is called 
the redj and by tlje French & caiUe, or the curdle. 
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since it is here that the milk sucked by calves 
first assumes a curdled appearance. It is thus 
that the process of digestion is completed, and 
it is this compartment that constitutes the true 
stomach, to which the others are only vestibules. 

There are some animals, however, which do 
not ruminate that have more than one stomach ; 
thus the harapster has two, the kangaroo three, 
and the sloth not less than four. Nor does 
the conformation tei’minate even with quadru- 
peds ; for among birds the ostricli has two 
ventricles t, and ainpng fishes the stomateus 
Hiatola. The horse and ass, on the contrary, 
though graminivorous quadrupeds like the ox, 
have only one stomach. 

There may seem, perhaps, something playful 
in this application of difierent systems of mecha- 
nism to the same class of animals, and ol‘ the 
same system to difierent classes : but it shows us, 
at least, that the hand of nature is not neces- 
sarily fettered by its own general laws, nor com- 
pelled, even under the same circumstances, to 
adopt the same cause to produce the same effect. 
Yet, if we had time, we might proceed beyond 
this remark, and point out, if I mistake not, the 
reasons for such diversities, and the skill with 
which they are introduceil. Thus the horse and 
ass are formed for activity, and require light- 
ness j and hence the bulk aiul complexity of 

^ Wiedemann, Arebiv. b. i. 

} Valisnieri# Anatoniia, he, p. 159. 
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three or four stomachs would counteract the 
object for which they are created ; but it does 
not interfere with the pursuits of the ox, which 
is heavy and indolent in its nature ; and which, 
though it may perhaps be employed as a beast 
of burden, can never be made use of for speed. 
The activity of the horse and ass, moreover, 
excites, from the stimulus it produces, a larger 
secretion ol'gastric juice than is met with in the 
ox, and thus m a coii'.idcrable degree supplies a 
substitute for the three deficient stomachs j but 
it by no means extracts tliQ nutrimeut so entirely 
from the food introduced into it ; and we hence 
see the reason why the dung of horses is richer 
than that of black cattle, and wliy they require 
three or four times as much provender. 

We may apply the whole of these remarks to 
the ostrich, whose peculiar habitation is the 
sandy and burning deserts of the torrid zone, 
where not a blade of grass is to be seen for hun- 
dreds of miles, and where the little food it lights 
upon must he made the most of. The double 
stomach it possesses enables it to accomplish 
this purpose, and to digest coarse grass, prickly 
shrubs, and scattered pieces of leather, with 
equal ease. This animal is supposed to be one 
ol’ the most stupfd in nature, and to have no 
discernment in the choice of its food ; for it 
swallows stone, glass, iron, and whatever else 
comes in its way, along with its proper' suste- 
nance. But it is easy, to redeem the ostrich 
from such a reproach, at least in the instance 
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before us : for these very articles, by their hard 
and indestructible property, perform the office 
of teeth in the animal’s stomach ; they enable 
it to triturate its food most minutely, and 
to extract its last particle of nutriment. It is 
true that in the class of birds, or that to which 
the ostrich belongs, a double stomach must 
necessarily, to a certain extent, oppose the 
general levity by which this class is usually cha- 
racterised. But the wings of the ostrich are 
not designed for flight: they assist him in that 
rapidity of running for which he is so celebrated , 
and in which he exceeds all other animals, but 
are not designed to lift him from the earth. In 
reality, (he ostrich appears to be the connecting 
link between birds and quadrupeds, and espe- 
cially ruminant quadrupeds. In its general por- 
trait, as well as in the structure of its stomach, 
it has a near resemblance to the camel j in its 
•voice, instead of a whistle, it has a grunt, like 
that of the hog ; in its disposition, it is as easily 
tamed as the horse, and like him may be 
employed, and often has been, as a racer, though 
in speed it outstrips the swiftest racc-horse in 
the world. Adanson asserts, indeed, that it will 
do so when made to carry double j and that, 
when at the factory of Podore, he had two 
ostriches carefully broken in, the strongest of 
which, though young, would run swifter, with 
two negroes on his back, than a racer of the best 
breed. 

Yet widely different is the mechanism of lh(' 
y S 
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$totnacI) in birds of flight that feed on vege- 
tables : nor could any contrivance be better 
adapted to unite the two characters of strength 
and levity. Instead of the bulky and compli- 
cated compartments of the membranous stomach 
of ruminant animals, we here meet with a thick, 
toygh, muscular texture, small in size, but more 
powerful than the stoutest jaw-bone, and which 
is usually called gizzard. 

It consists of four distinct muscles, a large 
hemispherical pair at the sides, and two smaller 
muscles at the two ends of the cavity. These 
muscles are distinguislicd from the rest belong- 
ing to the animal, not less by their colour than 
by their prodigious strength ; and the internal 
cuticle with which they are covered is peculiarly 
callous, and often becomes quite horny from 
pressure and friction. 

The gizzard of grazing birds, as the goose 
and turkey, differs in some degree in the forma- * 
tion of its muscles from that of granivorous. 
They have also “ a swell in the lower part of 
the esophagus, which answers the purpose of a 
reservoir, in which the grass is retained, mace- 
rated, and mixed with the secretions poured out 
by file glandular surfaces surrounding it, in this 
respect corresponthng to the first and second 
stomachs of ruminating animals, in which the 
grass is prepared for mastication*,” though 
essentially lighter. • 

* Homo, On the Gizzards of Grazing Birds, Phil. Trans, 
laio, p.iss. 
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In most birds, indeed, we meet with an 
approach towards this,, in a cavnty situated above 
the muscular stomach, and called the crop, or 
craw. This first receives the food from the 
mouth, and slighty softens it by a mucous fluid 
secreted from its interior ; and thus prepared, 
a part of it is given back to the young, wlierc 
there are young to partake of it, and the rest is 
sent to the gizzard or proper stomach, whose 
muscular mechanism, in conjunction with iis 
gastric juice, soon comminutes it into the mo'»t 
impalpable pulp. There are several kinds, how- 
ever, that, likb the ostrich, endeavour to assist 
the muscular action by swallowing ])ebbles or 
gravel ; some of which find this additional aid 
so indispensable, tliat they are not able to digest 
their food, and grow loan, without it. Spalan- 
zani attempted to prove that these stones are of 
no use, and are only swallowed by accident; 
but their real advantage has been completely 
established by Mr..]. Hunter, who has correctly 
observed, that the larger the gizzards, the 
larger are the pebbles found in them. In the 
gizzard of a turkey he counted two hundred ; in 
that of a goose, a thousand. 

Reaumur and Spalanzaui have put the |)i‘odi- 
gious power of this muscular stomach to the 
test, by compelling geese and other birds to 
sw^low needles, lancets, and other hard and 
pointed substances ; which, in every experiment, 
were found, a fiiw hours afterwards, on killing 

y 4 
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aod examining the animal, or on its regorging 
them, to be broken off agd blunted, without any 
injury to the stomach whatever. 

Yet, as all animals are not designed for 
all kinds of food, neither the force of the 
strongest muscular fibres, nor the solvent power 
of the most active gastric juice, will avail in 
every instance. The wild-boar and the vulture 
devour the rattle-snake uninjured, and fatten 
upon it ; but there are many kinds of vegetables 
which neither of these are capable of digest- 
ing. The owl digests flesh and bone, but 
cannot be made to digest grain 6r bread ; and 
in one instance died, under the experiments of 
Spalanzans when cpnfined to vegetable food. 
The falcon seems as little capable of dissolving 
vegetables ; yet the eagle dissolves bread and 
bone equally; and wood-pigeons may, in like 
manner, be brought to live, and even to thrive, 
on flesb-meat. The procellaria pelagtca, or 
stormy petrel, lives entirely on oil, as the fat of 
dead whales and other fishes, whenever he can 
get it; and if not, converts every thing he 
swallows into oil. He discharges pure oil from 
his mouth at objects that offend him ; and feeds 
his young with the same substance. This is 
tlie most daring of all birds in a tempest, though 
not more than six inches long. As soon as the 
clouds begin to collect, he quits his rocky covert, 
and enjoys the gatfioring and magnificent 
sccueiy ; he rides triumphantly on the whirl- 
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wind, and skims with incredible velocity the 
giddiest peaks, and deepest hollows of the most 
tremendous waves. His appearance is a sure 
presage of foul weather to the seaman. 

There are some tribes of animals that appear 
capable of subsisting on water alone, and a few 
on mere air, incapable as these substances 
seem to be, at first sight, of affording any thing 
like solid nutriment. Leeches and tadpoles 
present us with familiar proofs of the fonner 
assertion, and there are various kinds of fishes 
that may be added to tlie catalogue, llondelet 
kept a silver fish in pure water alone for three 
years; and at the end of that period it had 
growm as large as the glass globe that contained 
it. Several species df the carp kind, and espe- 
cially the gold-fish, have a similar power ; and 
even the pike, the most gluttonous, perhaps, of 
the whole class, will both live and thrive upon 
water alone in a marble bason. 

The bee, and various dther insects, derive 
their nutriment from the nectar and effluvium 
of flowers. So also does the trochilus genus, or 
humming-bird, which appears to be the con- 
necting link between the two classes ; buzzing 
like the bee itself with a joyous hum around the 
blossom on which it lights ; and in one of its 
species, f. minimus, not exceeding it in size, and 
only weighing from 20 to 45 grains. 

Air alone appears sufficient for the support of • 
animals of other kinds. Snails and cjiaraeleons 
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lave been known repeatedly to live upon 
nothing else for years.* Garman asserts that it 
is a sufficient food for spiders ; and that though 
they will devour other food, as fishes will that 
may be maintained alone on water, they do not 
stand in need of any other. Latreille confirms this 
assertion to a considerable extent, by informing 
us that he stuck a spider to a piece of cork, and 
precluded it from communication with any thing 
else for four successive months, at the end of 
which time it appeared to be as lively as ever.t 
And Mr. Baker tells us, in the Philosophical 
Transactions, that he had a beetle that lived in 
a glass coufinement for three years without food, 
and then fled away by accident. 

The larves of ants, as well as of several other 
insects of prey, are not only supported by air, 
but actually increase in bulk, and undergo their 
metamorphoses without, any other uoui’ishment. 
It is probable, also, that air is at times the only 
food of the scolopendra phosphorea, or lumin- 
ous centipede, which has been seen illuminating 
the atmosphere, and sometimes falling into a 
ship, a thousand miles from land. 

Amphibious animals have a peculiar tenacity 
to life under every circumstance of privation ; 
and not only frogs, and toads, but * tortoises, 
lizards, and serpents, are well known' to have 


* Encyclop, Brit. art. Physiol, p. 679. 
I Mortthly Rer. Appx. Jv. 494, 
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existed for months, and even years, without 
other food 4han water— -in some instances, with- 
out other food than air. 

Mr. Bruce kept two cerastes, or horned 
snakes, in a glass jar for two years, without 
giving them any thing. He did not observe 
that they slept in the winter-season ; and they 
cast their skins, as usual, on the last day of 
April.* 

Lizards, and especially the newt species, 
have been found embedded in a chalk-rock, 
apparently dead and fossilized, but have re- 
assumed living action on exposure to the atmo- 
sphere, f On their detection in this state the 
mouth is usually closed with a glutinous sub- 
stance, and closed so tenaciously, that they often 
die of suffocation in the very effort to extricate 
themselves from this material, t 

In respect to toads the same fact has been 
ascertained, for nearly two years, by way of ex- 
periment §; and has been verified, by accident, 
for a much longer term of time. The late 
Edward Walker, Estj. of Guestingthorpe, Essex, 
informed me not long since, that he had found a 
toad perfectly alive in the midst of a full grown 
elm, after it was cut down by his order, exactly 

* Voyages, Appendix, p,296. 8vo, edit. 

f Wilkinson, Xilloch's Phil. Mag. Dec. 1816. 

X Journ. of Science, No» Xu. p. 375. 

§ See Dalyell’s Introd. to his Translation of Spnlan^aiiiN 
Tracts, p. xliii. 11^03. 
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occupying the cavity which it appeared gra- 
dually to have scooped out as it grew in, size, 
and which had not the smallest external com- 
munication by any aperture that could be traced. 
And very explicit, and apparently very cautious, 
accounts have been repeatedly published in 
different journals, of their having been found 
alive, imbedded in the very middle of trunks of 
trees and blocks of marble, so large and massy, 
tliat, if the accounts be true, they must have 
been in such situations for at least a century,* 
There is a very particular case of this kind given 
by M. Seigue, in the Memoirs of the Iloyal 
Academy of Paris, t 

These observations lead us to another anomaly 
of a more extraordinary nature still j and that 
is, the power which man himself possesses of 
existing without food, under certain circum- 

* See various instances*, Encycl. Brit, art. Physiol, p. 6H 1 . 

t Mem. 1731. H. 24, Dr. Edwards, of Paris, has sufficiently 
ascertained of late, that blocks of mortar, and heaps of sand, 
are porous enough to admit so much air as is requisite to 
support the life of lizards, toads, and other amphibials of the 
batrachian family : but that they all perish if surrounded by 
mercury, or even water, so as to intercept the air by their being 
encompassed by an exhausted receiver. In boxes of mortar or 
sand, however, they live much longer than in boxes plunged 
under water. The probable cause is, that the air of the 
atmosphere pervades the pores of the sand or margin pretty 
freely ; but that it is not extricated from the circumfluent 
water so as to pervade the |x>res of the box buried in iU 
This however is not the explanation offered by J)t, Edwards. 
Jle found also that frogs will live a longer^ or shorter period 
of time under water, according to the temperature of the 
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stances, for a very long period of time. This is 
often found to take place in cases of madness, 
especially that of the melancholy kind, in which 
the patient resolutely refuses either to eat or 
drink for many weeks together, with little ap- 
parent loss cither of bulk or strength. 

There is a singular history of Cicely de Ridge- 
way, preserved among the Records in the Tower 
of London, which states, that in the reign of 
Edward III., having been condemned for the 
murder of her husband, she remained for forty 
days without either food or drink. This was 
ascribed to a miracle, and the king condescended 
in consequence to grant a pardon. 

The Cambridgeshire farmer’s wife, who, about 
twenty years ago, was buried under a snow- 
storm, continued ten or twelve days without 
tasting any thing but a little of the snow which 
covered her. Rut in various other cases we have 
proofs of abstinence from tbod having been carried 
much farther, and without serious evil. In the 


water, and the previous temperature of the surrounding atmo- 
sphere. They die speedily if the water be lower than 32® 
Fahr. or higher than I OS®; that the longest duration of life is 
at 32®, at whii h point life will continue lor several hours ; that 
its duration diminishes with the elevation of the scale above 
this point, ajnd that it is extinguished in a few minutes at 108®. 

The most favourabte point in the temperature of the at-* 
mosphcfc is also 32®. If the season have maintained this point 
for some days antecedently to the frog’s being plunged under 
water, itself of 32®, the animal will live from 24 to 60 hours. 
De rinfluence des Agens Physiques sur la Vie'; aIso,Memoiies 
sui I’Aspluxie, 8cc. 1817. Paris Svo. 1824, 
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Edinburgh Medkal Essays for 1720, I?r. Eccles 
makes mention of a beautiful young lady, “about 
sixteen years of age,” who, in consequence 
of the sudden death of an indulgent father, was 
thrown into a state of tetanus, or rigidity of all 
tlie muscles of the body, and especially those of 
deglutition, so violent as to render her incapable 
of swallowing for two long and distinct periods 
of time 4 in the first instance for thirty -four, and 
in the second, which occurred shortly afterwards, 
for fifty-four days ; during all which time, her 
first and second fastings, she declared,” says 
Dr. Eccles, “ she had no sense of hunger or 
thirst ; and when they were over, she had not lost 
much of her flesh.” 

In our own day w'e have had nearly as 
striking instance of this extraordinary fact, in tlic 
case of Anne Moore, of Tutbury in Staffordshire, 
who, in consequence ol‘ a great and increasing 
difficulty in swallowing, at first limited herself to 
a very small daily portion of bread alone, and on 
March 17, 1S07, relinquished even this, allowing 
herself only occasionally a little tea or water, and 
in the ensuing September pretended to abstain ‘ 
altogether from liquids as well as solids. From 
the account of Mr. Granger *, a medical prac- 
titioner of reputation, who saw her about two 
years afterwards, she appears to have suffered 
very considerably, either from her abstinence, 

* Edinburgh Med. and Surg. Journal. No. xix. July 1809, 
j,. .319. 
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or from that general morbid habit which induced 
•her to use abstinence. He says, indeed, that 
her mental faculties were entire, her voice 
moderately strong, and that she could join in 
conversation without undergoing any apparent 
fatigue : but he says, also, that her pulse was 
feeble and slow j that she was altogether confined 
to her bed j that her limbs were extremely 
emaciated ; that convulsions attacked her on so 
slight an excitement as surprise, and that she 
had then very lately lost the use of her lower 
limbs. 

It afterwards appealed, that in this account of 
herself she was guilty of some degree of' impo- 
sition, in order to attract visitors, and obtain 
pecuniaiy grants. Dr. Henderson, another 
medical practitioner, of deserved repute in the 
neighbourhood, had suspected this, and published 
his suspicions * : and an intelligent committee 
was at length arranged, and assented to by the 
woman herselfj lor the purpose of watching her 
by day and by night. Cut oft' hereby altogether 
from fluids, which she had of late pretended to 
relinquish, as well as f'rom solids, she was hardly 
able to reach the tenth day, and still less to con- 
fess, as she then did, that she had occasionally 
been supplied by her daughter with water and 
tea. “ On the whole,” the committee conclude, 
in their account of her, “ though this woman is a 

* An e^caminaiion of the imposture of Ann Moore, galled 
the fasting woman of Tutbury, By Al0x(^nder Henderson, 
M.D. 8vo, 1813. 
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base impostor with respect to her pretence of 
total abstinence irom all food whatever, liquid or 
solid, yet she can perhaps endure the privation 
of solid food longer than any other person. It 
is thought by those best acquainted with her, 
that she existed on a mere trifle, and that Iron) 
hence came the temptation to say that she did 
not take any thing, llj thend’o''', anj of her 
friends could have conveyed a bottle of water 
to her, unseen by tlie watch, and she could 
occasionally have drdnk out of it, little doubt, is 
entertained that shu vvoidd hav<' gone through 
the month’s trial Mitii credit. The daughter 
says that her mother’s })rineipal I'ood is lea, and 
there is reason to believe this to be true, * ” Hut 
this opinion leaves the case ahno.st as extraor- 
dinai’y as before the detection of the fraud ; for 
if true, and it is groatl) borne out by the fact to 
which it appeals, this woman was cajiabh ut 
subsisting on what is ordinarily ivgarded as no 
nutriment whatever, and r-qnired nothing more 
for her support than an oecasioiial draught of 
pure water. 

llildanus, Haller, and other physiologists, have 
collected various instaiui's of a similar kind: 
many of them of a much longer duration ol‘ 
abstinence ; some of them, indeed, extending to 

* A full exposure of Ann Moore, Uie pn't ended fasting 
vvoniiin of Tutbury, 8vo. J8l;>. 

newspapers have iafoimeU us that this poor woman 
died at Macclesfield abDut the beginning of October 1 825, at 
the advanred age of 76. 
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not less than sixteen years ; but in general too 
loosely written and attested to be entitled to full 
reliance. Yet the Philosophical Transactions in 
their different volumes contain numerous cases 
of the same kind, apparently drawn up with the 
most scrupulous caution, and supported by the 
best kind of concurreuf e\idenco. In one of 
the earlier xohunes * we meet with an account 
of foui men who were compelled to subsist upon 
W'af('r alone fori wen ty-foui dav., in /onseipjeuce 
of iheir having boenbuned in a tieej) excavation 
by die fall of a i-u[»erincumbeii1 slntliun of earth 
uru’er which iliey were woiking, and it being 
th length of time before they were extricatcil. 
Tfic w !’ tT which they diank of was from a spring 
at'^h )iul ; and they drank of it freely, hut tasted 
nothing else. 

A still more extraordinaiy account is recorded 
in th',; same journal for the year lyd'iU, and con- 
sists of the history of a ^ oung man, who at the 
age of sixteen or seventten, from having drunk 
a'ery freely of cold water when in a violent 
perspiration, was thrown ii.' - an inflammatory 
fever, fropi which he escaped with difliculty, and 
with such a dislike to foods of all kinds, that tor 
eighteen at the time this account was 

drawn up, \he had never tasted any thing but 
water. They ‘fact was well known throughout 
the neighboikhobd ; but an imposition having 
been suspected by several persons who saw him. 


VOL. I. 


* Phil. 'Trans. 1684, 
/ 
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he had been shut up at times in close confinement 
for twenty days at a ti’ial, with the most 
scrupulous care that he should communicate 
with nothing but water. He uniformly enjoyed 
good health, and appears to have had ejections, 
but seldom. 

A multitude of hypotheses have been offered 
to account for these wonderfiil anomalies, but 
none of them do it satisfactorily j and T slum]. I 
be unworthy of the confidence you repose in me, 
if I did not ingenuously confess my utter ij|ne- 
ranee upon the subject. Water in most case- 
appears to have been absolutely necessary, a ' t 
not in all ; for Hildanus, who, though soibt 
what imaginative, appears to have been /om 
honest and an able man in the main, assures • ' > 
that Eva Flegen, who had fasted for sixu'en 
years when he saw her in 1(512, had abst ' 'cd 
entirely from liquids as well as solids: af O 
the case of impacted toads, especially those 
found in blocks of closely crystallized 
the moisture they receive must often e \er) 
insignificant. 

Verhaps one of the most singular cases, and 
at the same time one of the best aut|io’.tjcatcd 
on record, is that of Janet M'Leod,/ published 
in the Philosophical Transactions l^y Dr. Mac- 
kenzie.* She was at this time thirtjy-thrce years 
of age, unmarried, and from the age of filleeu 
had had various paroxysms of ej^ilepsy, which 


* Vol. kvH. year 1777. 
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had considerably shalccn her frame, rendered 
the elevator muscles of the eye-lids paralytic, 
so that she coidd only sec by lifting the lids 
up, and produced so 'rigid a locked jaw that her 
mouth could rarely be forced open by any con- 
trivance. She had lost very nearly her power of 
speech and deglutition, and, with this, all desire 
( illier to eat or drink. Her lower limbs were re- 
tracted towards her body ; she was entirely con- 
fined to 'her bed, slept much, and had seldom 
.iny other egestions than jieriotlical discharges 
ol‘ blood, apparently from the lungs, which was 
( hietly thrown oat bv the nostrils. During a 
very few intervals of vela’s alion she v'as pre- 
vailed upon with great difficulty to put a few 
criinb*' of broad, comminuted in the hand, into 
hei mouth, together with a little water sucked 
fioni her own hand, and in one or two instances 
a little gruel } but even at these attempts almost 
the whole was reiected- On two occasions also, 
itli'i a total abstinence of n'aii}- mouths, she made 
signs of wishing to drink some water, which 
was immediately procured for her. On the 
first occasion, the whole seemed to be returned 
from her mouth ; but she was greatly refreshed 
by having it rubbed upon her tliioat. On the 
second occasion, slic drank oflT a pint at once, 
but could not be either prevaded ujion m Ibrced 
f , drink any more, notwillistanding that her 
father had now fixed a wedge between lierteetli, 
two of which were hereby broken out. Witli 
these exceptions, howevei, -die seems to have 
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passed upwards of four years without either 
liquids or solids of any kind, or even an appear- 
ance of swallowing. She lay for the most part 
like a log of wood, with a pulse scarcely percep- 
tible from feebleness, but distinct and regular : 
her countenance was clear and pretty fresh ^ 
her features neither disfigured nor sunk j her 
bosom round and prominent, and her limbs 
not emaciated. Dr. Mackenzie watched her 
with occasional visits, for eight or nine years, 
at the close of which period she seems to have 
been a little improved. His narrative is very 
precisely as well as minutely detailed, and pre- 
viously to its being sent to the Royal Society 
was read over before the patient’s parents, who 
were known to be persons of great honesty, as 
also before the elder of the parish, who appears 
to have been an excellent man ; and, when sent, 
was accompanied by a certificate as to the 
general truth of the facts, signed by the minister 
of the parish, the sheriff-depute, and six other 
individuals of the neighbourhood, of high cha- 
racter, atiid most of them justices of the peace. 

Yet even with the freest use of water; wlrat 
^can we make of such cases upon any chain of 
chemical facts at present discovered ? whkt can 
we make of it, even in conjunction with the usd 
of air ? The weight and solid contents of the 
animal .body is derived hiefly from that prin- 
ciple which modern chemists denominate car- 
bone ; yet neither water por air, when in a state 
of purity, contains a particle of carbepe,' Again, 
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the substance of .the animal frame distin- 
guished from that of the vegetable by its being 
saturated with nitrogene, of which plants possess 
comparatively but very little } yet though the 
basis of atmospherical air consists of nitrogene, 
water has no more of this principle than it has 
of carbone ; nor is it hitherto by any means 
established, that even tlie nitrogene of the 
animal system is in any instance derived from 
the air, or introduced by the process of respira- 
tion : for the experiments upon this subject, so far 
as tliey go, are in a state of opposition, and keep 
the question on a balance — factiscontraria facta, 
Sliall we then suppose with others, that the 
circle of perpetual mutation, which is imposed 
upon every other species of visible matter, is in 
these cases suspended, and that the different 
organs of the system are, so long as the anomaly 
continues, rendered incorruptible. But this is 
to suppose the intervention of a miracle, and 
without an adequate cause. Let us then rather 
confess our ignorance than attempt to be wise 
upon the basis of conceit. All that we do know 
is, that bodies of every kind arc reducible to a 
few elementary principles, which ap|>ear to be 
unchangeable, and are certainly invisible ; and 
that from different combinations and mddifica* 
tious of these proceeds every concrete and 
visible form : hence air itself, and watery behce 
mineral, vegetable, and animal substance^. Air, 
therefore, and water, or either separatl)ly, *ma/ 
contain the rudimental materials rfall the rest;. 

a 3 
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We behold metallic stones, and of large mag- 
nitude, fall from the air, and we suppose them to 
be formed there : we behold plants suspended 
in the atmosphere, and still, year after year, 
thriving, and blooming, and diffusing odours : 
we behold insects apparently sustained from the 
same source 5 and worms, fishes, and occasionally 
man himself, supported from the one or the 
other, or from both. These are facts, and as 
facts alone we must receive them, for we have at 
present no means of reasoning upon them. There 
are innumerable mysteries in matter as well as in 
mind ; and wc are not yet acquainted with the 
nature of those elementary principles from 
which every compound prbceeds, and to which 
every thing is reducible. We are equally igno- 
rant of tlieir shapes, their weight, or their 
measure. 



LECTURE XIII. 


ON THE CIECULATION OF THE BLOOD, BESPIRA- 
TION, AND ANIMALIZATION. 

rn . " . 

1 HE progj'ess of science is slow, and often 
ijTiperceptible ; and tliough in a few instances 
it has been quickened by an accidental discovery 
or an accidental idea, that has given a new turn, 
or a new elasticity to the chain of our reasoning, 
still have we been compelled in ever)' instance 
to follow up the chain, link after link, and series 
after series, and have never leaped forward 
through an intermediate space Avitbout endan- 
gering our security, or being obliged to retrace 
our career by a painful and laborious re-investi- 
gation. 

It required a period of three thousand six 
hundred years to render the doctrine of a 
vacuum probable, and of five thousand six 
hundred to establish it upon a solid foundation. 
I’or its probability we are indebted to Epicurus, 
for its certainty to Sir Isaac Newton. The 
presenftheory of the solar system was commenced 
by Pythagoras and his disciples five centuries 
before Christ, and only completed by Copernicus 
fifteen centuries after Christ. Archimedes was 
the first who invented the celebrated problem 

Z 4 ) 
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for squaring the parabola, which was upwards 
of two hundred years before the Christian era j 
yet an exact problem for squaring the circle is 
a desideratum in the present day. The simple 
knowledge of the magnet was familiar to the 
Homans, Greeks, and some of the oriental nations 
while in their infancy j it has been employed by 
the mariner for nearly six centuries in Europe, 
and for a much longer period by the Chinese, 
in their own seas ; yet at this moment we are 
acquainted with only a very few of its laws, and 
have never been able to appropriate it to any 
other purpose than that of the compass. 

The circulation of the blood in the animal 
system is our subject of study for the present 
lecture, and it is a subject which has laboured 
under the same diflSculties, and has required as 
long a period of time as almost any of the preced- 
ing sciences, for its complete illustration and 
establishment. Hippocrates guessed at it j Aris- 
totle believed it j Servetus, who was burnt as a 
heretic in 1553, taught it ; and Harvey, a cen- 
tury afterwards, demonstrated it. 

I shall not here enter into the various steps 
by which this wonderful discovery was at length 
effected; the difficulty can be only fairly 
appreciated by those who are acquainted with 
the infinitely minute tubes into which the dis- 
tributive arteries branch out, and from which 
the collective veins arise; but every one is 
interested in the important fact itself, for it has 
done more towards establishing the healing art 
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Upon a rational basis, and subjecting the diflferent 
diseases of mankind to a successful mode of prac- 
tice, than any other discovery that has embla- 
zoned the annals of medicine. 

In our last lecture we traced the action of the 
digestive organs ; we beheld the food first com- 
minuted by means of jaws, teeth, or peculiar 
muscles or membranes ; next converted into a 
pulpy mass, and afterwards into a milky liquid ; 
and in this state drunk up by the mouths of 
innumerable minute vessels, that progressively 
unite into one common trunk, and convey it to 
the hcar£ as the ciiicf organ of the system, for 
the use and benefit of the whole. 

But the new-formed fluid, even at the time it 
has reached the heart, has by no means under- 
gone a sufficient elaboration to become genuine 
blood, or to support the living action of the 
difierent organs. It has yet to be operated 
upon by the air, and must for this purpose be 
sent to the lungs, and again returned to the 
heart, before it is fitted to be thrown into the 
general circulation. 

This is the' rule that takes place in all the more 
perfect animals, as mammals, birds, and most 
of the amphibials * ; and hence these classes are 

* Cuvier seems to ascribe a double heart to the class of 
amphibia, without any limitation- See Lawrence^s additional 
note chap.xii« of his translation of Blum enbach*9. System 
of Comparative Anatomy- Bluroenbach himself has remarked, 
that m^ny of the frogs, lizards, and serpents have a simple 
heart, consisting of a single auricle and ventricle, like that of 
fishes- Sect, 162, 
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said to have a double circulation. And as the 
heart itself consists of four cavities, a pair 
belonging to each of the two circulations, and 
each pair is divided from the other by a strong 
membrane, they are also said to have not only 
a double circulation, but a double heart — a pul- 
monary and a corporeal heart. 

The blood is first received into the heart on 
the pulmonary side, and is conveyed to the 
lungs by an artery which is hence called the 
pulmonary artery, that soon divides into two 
branches, one for each of the Jungs j in which 
organs they still furtlier divide into inniimerable 
ramifications, and form a beautiful net-work of 
vessels upon the air-vesicles of which the sub- 
stance of the lungs consists ; and by this mean 
every particle of blood is exposed in its turn to 
the full influence of the vital gasses of' the atmo- 
sphere, and becomes thoroughly assimilated to 
the nature of the animal system it is to support. 
The invisibly minute arteries now terminate in 
etjually minute veins, which progressively unite 
till they centre in four common trunks, which 
carry back the blood, iioyr thoreughly veuti- 
•lated and of a florid hue, to the left side or cor- 
poreal department of the heart. 

From this quarter the corporeal circulation 
commences: the stimulus of the blood itself 
excites the heart to that alternate contraction 
which constitutes pulsation, and which is con- 
tinued through the whole course of the arteries ; 
and by this very contraction the blood is 
impelled to the' remotest part of the body, the 
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arterial vessels continuing to divide and to sub- 
divide, and to branch out in every possible direc- 
tion, till the eye can no longer follow them, even 
when aided by the best glasses. 

The arterial blood having thus visited every 
portion of every organ, and supplied it with the 
food of life, is now returned, faint, exhausted, 
and of a purple hue, by the veins, as in the pul- 
monary circulation ; it receives, a short space 
before it reaches the heart, its regular recruit of 
new matter from the digestive organs, and then 
empties itself into the right side or pulmonary 
department of the heart, whence it is again sent 
to the lungs, as before, for a new supply of vital 
power. 

The circulation of the blood, therefore, 
depends upon two distinct sets of vessels, arte- 
ries and veins, the former of which carry it for- 
ward to every part of the system, and the latter 
of which return it to its central source. Both 
.sets ol' vessels art- generally considered as con- 
sisting of three distinct layers or tunics : an 
external, which in the arteries is peculiarly 
elastic} a middle, which is muscular in both, 
but whose existence is doubted by some physio- 
logists } and an internal, which may be regarded 
as the common covering or cuticle. The projec- 
tile power exercised over the arteries is unques- 
tionably the contraction to which the muscular 
tunic of the heart is excited by the stimulus of 
the blood itself ; and wliich contnrtion would 
be permanent, but that thq heart appears to 
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become exhausted in a considemble d^ree of its 
muscuJar irritability by the exertion that produces 
the contraction, and hence speedily returns to its 
prior state of relaxation, exhibiting that alter- 
nating succession of systole and diastole which 
constitutes pulsation** 

In the venal system, however, we meet with 
even fewer proofs of muscular fibre than in the 
arterial, and no such force of the heart as to pro- 
duce pulsation on a pressure of the finger j and 
hence, to this moment, we are in a greater degree 
of ignorance as to the projectile power by which 
this system is actuated. Tlie theories that have 
been chiefly advanced upon the subject are, 
first, that of a vis k tergo, or an impetus given to 
the blood by the arterial contraction,, which is 
supposed by its supporters to be sufficient to 
operate through the whole length of the venal 
canals ; secondly, that of capillary attraction, 
the nature of which we explained in a former 
lecture j and lastly, a theory of a much more 
complicated kind than either, and which supposes 
the projectile power to result jointly from the 
impetus communicated by the heart and arteries, 

* l*h)siological experiments have sufficiently proved, of late, 
that the same alternation of cont^ction and dilatation does 
not take place in the arteries in a free or natural st|te ; for 
where there is no resistance to the flow of the blood along 
thoir oanals, there is no variation in their diameter ; and that 
it is only the pressure of the finger or some other substance 
agifinst the side of an artery that produces its pulse. Study 
of Ided. 1). p. 1^. Experimental Inquiry into the Natitret &C. 
of the Arterial.|*ttl8e, by C. H. Parry, 1816., 
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from the pressure of the surrounding organs, 
and especially from the elasticity of the lungs, 
and the play of the diaphragm, in conjunction 
with the natural irritability pf the delicate mem- 
brane that lines the interior of th'e veins. It is 
unnecessary to enter into a consideration of any 
of these theories ; for they all stand self-con- 
victed of incompctency ; and the last, which is 
the most operose of the whole, has been only 
invented to supply tire acknowledged ineffi- 
cacy of the other two.* Whatever this pro- 
jectile power consists of, it appears to have some 
resemblance to that of the vegetable system; 
and, like many of the vessels in the latter, is 
assisted by the artifice of numerous valves 
inserted in different parts of the venal tubes. 

The most important process which takes place 
in the circulation of the blood is that of its 
ventilation in the lungs. It is this process which 
constitutes the economy of respieation, and has 


* It has lately been pretty clearly established, that by far 
the most active power in the return of the blood to the heart 
from the veins is the comparative vacuum which takes place 
in the ventricles of the heart, when exhausted of blood by the 
systole or alternating contraction of this organ ; in conse- 
quence of which, the venous blood is, as it were, sucked up 
into the right ventricle from the venw Cavie, or venous system 
at large. So that the heart, upon this beautiful principle of 
simplification, becomes alternately a forcing and a suction 
pump. By its contraction it forces the blood into the 
arterial system, and by its vacuum it sucks it up tho 
venous. Site Stud, of Med, ii. p. 19, 2d edit. 1 825. 
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till of late been involved in more than Cimmerian 
daikiiess. 

We see the blood conveyed to the lungs of a 
deep purple hue, faint and exhausted by being 
drained in a considerable degree of its vital 
power, or immature and unassimilated to tlie 
nature of the S3’stem it is about to support, in 
consequence of its being received fresh from the 
lacteal trunk. Wc behold it returned from the 
lungs spirited with newness of life, perfect in its 
conformation, more readily disposed to coagulate, 
and the dead purple hue transfbrmcd into a 
bright scarlet. How has Ibis wonderful change 
been accomplished ? what has it parted witli ? 
what has it received ? and by what means has so 
beneficial a barter been produced ? 

These are questions which have occupied the 
attention of physiologists in almost all ages j and 
tliough we have not yet attained to any thing 
like demonstration, or even universally acceded 
to any common theory, the expeiiments of 
modern times have established a variety of very 
important facts which may ultimately lead to 
such a theory, and clear away the difficulties by 
which wc arc still encumbered. 

These facts I shall proceed to examine into 
in language as familiar as I can employ: I must 
nevertheless presume upon a general acquaint- 
ance with the elementary principles and nomen- 
clature of modern chemistry, since a summary 
survey of zoonoray is not designed to enter into 
a detail of its mere alphabet or rudiments, but 

*16 
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to apply and harmonize detached facts that relate 
to it, and to condense the materials that have 
been collected by others into a nan ow but regular 
compass. 

The chief substance which has been ascer- 
tained to be introduced from the atmosphere 
into the air-vesicles of the lungs during the act 
of respiration, and from these into the blood, is 
oxygene, of which the atmosphere, when pure, 
consists of about twenty-eight parts in a hundred, 
the remaining seventy-two being nitrogene. 

'Fliat this gusseous fluid enters into the lungs 
is rendered Iiigldy probable from a inuUijdicity 
of experiments, which concur in proving that a 
larger portion of oxygenc in received by every act 
o(‘ i')S])iration than is returned by every corre- 
spondent act of expiration ; and that it passes 
from tlie air-vesicles of the lungs into the blood 
we have also reason to believe from the change 
of colour which immediately takes place in the 
lattei*, and from otlier experiments made out of 
the body, as well as in the body, which abundantly 
ascertain that oxygeue has a power of producing 
this change, and of converting the ileep purple of 
the blood into a bright scarlet. , 

It is also supposed very generally, that a con- 
siderable portion of caloric or the matter of beat, 
in its elementary form, is communicated to the 
blood at the same time and in conjunctiop with 
the oxygene j but as this substance has hitherto 
proved imponderable to every scheme that has 
been devised to ascertain its weight, this con- 
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titides at present a point avowedly undeteridined. 
That an increase of sensible heat at all titties 
accompanies an increase of respiration^ is ad- 
mitted by every one ; but since caloric may be 
obtained by other means, if obtainable at all, and 
since a denial of its existence as a distinct sub- 
stance has of late years been as strenuously 
urged as it was in former times by the Peripatetic 
school, and upon experiments inaccessible to 
those philosophers, we are at present in a state 
of dai’kness upon this subject, from which T am 
much afraid we are not likely to be extricated 
very soon. 

" I ‘have already obscivcd that nitrogene, or 
azote as it is also called, is the other gasseous 
fluid that constitutes the respirable air of the 
atmosphere. And from a variety of well-con- 
ducted experiments by Mr., now Sir Humjihrey, 
Davy, it appears also that a certain quantity of 
this gass is imbibed by the lungs in the same 
manner they imbibe oxygene, and that like 
oxygene it is also communicated from the lungs^ 
to the blood while circulating through its sub- 
stance j for in the experiments adverted to he 
found that, as in the case of the oxygene, a 
smaller quantity was always returned by evety 
succesWe act of expiration than had bc^en 
inhaled by every previous act of inspiration. • 
The only gass that seems to have been thrown 
out from the lungs in the course of these ex:-* 

* Priesttey had before shown that nitrogene is absdr^'M. 
SeePha,Xrans. 1790,p.i06. 
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periments is carbonic acid ; a very minute pro- 
portion of which appears also to be almost always 
contained in the atmospheric air, though 
altogether a foreign material, probably eliminated 
from the decomposition of animal and vegetable 
bodies that is perpetually taking place, and 
certainly unnecessary to healthful respiration. 

The general result of these experiments was 
as follows ; the natural inspirations were about 
twenty-six or twenty-seven in a minute ; thirteen 
cubic inches of air were in every instance taken 
in, and about twelve and three quarters thrown 
out by the expiration that succeeded. 

The atmospheric or inspired air contained in 
the thirteen cubic inches, — nine and a half of 
nitrogene, three and four-tenths of oxygene, and 
one-tenth of an inch of caibonic acid. The 
twelve inches and three quarters of returned 
air contained nine and three-tenths of nitrogene, 
two and two-tenths of oxygene, and one and two 
tenths of carbonic acid. 

This inhalation, however, varies in persons of 
different sized chests from 26 to 32 cubic inches, 
at a temperature of 55 ° j but these by the heat 
of the lungs, and saturated with moisture, become 
forty or forty-oiie cubic inches. 

Taking, therefore, 40 cubic inches as the 
quantity of‘ air equally inhaled and exhaled about 
20 times in a minute, it will. follow that a full 
grown person respires 48,000 cubic inches in an 

VOL. I. . 'I A 
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hour, or 1,152,000 cubic inches in the course of 
a day ; a quantity equal to about 79 hogsheads. 

A similar train of experiments has more lately 
been pursued by Messrs. Allen and Pepys, and 
will be found fully detailed in the Transactions 
of the Royal Society for 1808. They confirm 
the preceding proportions, excepting in the re- 
tention of nitrogeue ; this substance having been 
found by Messrs. Allen and Pepys to have been 
returned, in every respiration, in the precise pro- 
portion in which it was received. It is highly 
probable, however, that the diet of these two 
sets of ingenious experimenters had not previ- 
ously consisted of the same proportion of ani- 
mal and vegetable materials ; and that the blood 
in the former instance was Jess charged with 
nitrogene than in the latter ; which would at 
once account for the difference. 

Upon Sir Humphry Davy’s experiments, how- 
ever, the quantity of nitrogene received by the 
lungs is very inconsiderable, not amounting to 
more than two-tentlfs of a cubic inch in an inspira- 
tion. And omitting the consideration of this gass, 
as also that of caloric, on account of the unsettled 
state of the question, respiration, from this view 
of the subject, consists merely in the act of 
receiving oxygene, and throwing out carbonic 
acid gass ; the lungs imbibing and communi- 
cating to the system not less than 32.4 cubic 
inches of the former, and parting with not less 
than 26.5 of the latter, every minute. So that, 
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taking the gravity of carbonic acid gass, as cal- 
culated by Lavoisier, eleven ounces of solid 
carbon or charcoal arc emitted from* the lungs 
every twenty-four hours.* 

The whole of the theory and some of the sup- 
posed facts here advanced, however, have of late 
been very considerably disputed by Mr. Ellis, in 
his Inquiry into the Changes induced on Atmo- 
spheric Air by the Germination of Seeds. He 
concurs with Messrs. Allen and Pepys, in ascer- 
taining that precisely the same quantity of nitro- 
gene is expired as is inspired ; but he objects to 
their conclusion, that the whole of any consti- 
tuent clement of respired air introduced into the 
air-vesicles, and not returned by the alternate 
expiration, is necessarily conveyed into the 
blood-vessels, believing that much of this may 
remain unascci’tained, in consequence of an 
increased, but not sensibly increased, expansion 
of the chest. He admits that carbonic vapour 
is thrown forth in the quantity usually alleged 
with every act of expiration ; but he offers evi- 
dence to prove that it is the carbone only that 
is discharged fi'om the animal system, in con- 
nexion with the exhaling vapour ; contending 
that the carbone thus existing is separated from 
the vapour by its union with the whole of' the 
oxygene introduced by the previous act of 
inspiration, by which alone it is converted into 


Phil. Trans. 1808, partii. 249. 
A A 2 
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carbonic acid gass : for he found the same decom- 
position of atmospheric air produced by intro- 
ducing a small bladder, moistened, and filled with 
any substance, or perfectly empty, and introduced 
into an inverted glass containing a certain pro- 
portion of atmospheric air, standing upon quick- 
silver. lie denies, therefore, that the air-vessels 
are in any degree porous to gasses of any kind, 
excepting caloric ; and, consequently, denies that 
the blood is con\ erted from a deep modena hue 
into a bright scarlet by its union with oxygene ; 
believing, or seeming to believe, that this result 
is entirely produced by the action of the caloric 
separated in the air-vesicles upon the union of 
the carbone of the vapour exhaled from their 
surfaces, with the oxygene introduced by inspira- 
tion. So that, according to this theory, respira- 
tion is nothing more than an introduction of 
caloric into the system, and the conversion of a 
portion of oxygene (the whole received by the 
act of inspiration) into an equal bulk of carbonic 
acid by the carbone exhaled from the living 
organized body. Air, therefore, examined after 
respiration, is found to differ from the same air 
before it is breathed, in ha\ ing lost a portion of 
oxygene, gained an equal volume of carbonic 
acid, and in being loaded with pure watery 
vapour, the vapour thrown off from the lungs j 
and he has offered an additional proof that the 
oxygene of the carbonic acid is that introduced 
in the act of inspiration, by showing, as in the 

17 
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case of breathing hydrogenc gass, that no car- 
bonic acid is returned, and apparently none 
produced. 

In opposition to the hypothesis of Dr. Priestley, 
he seems to show, and plausibly to establish, thsrt. 
all terresti'ial plants, whether growing in absolute 
darkness, in the shade, or exposed to the direct 
rays of the sun, are constantly removing a quan- 
tity of oxygene from the atmosphere, and substi- 
tuting an exactly equal volume of carbonic acid : 
that they produce this change by emitting from 
their leaves, dowers, fruits, stems, and roots, 
and by a process like animal exhalation, car- 
bonaceous matter, which combines with the oxy- 
gene of the surrounding air ; and that such a func- 
tion is essentially necessary to their vital existence. 
In doing this, however, the carbonaceous matter 
is given forth more freely from the grecri parts 
than from any otlu'r, especially when exposed 
to the direct rays of the sun, by means of its 
aflinity foi the caloiific rays; in consequence 
of which the oxygene o£ the carbone is set at 
liberty, and escapes from the cellular texture of 
the green parts through the external pores ; an 
action, how'ever, which is not necessary to life, 
for a plant does not die when this has ceased, 
while it is equally found to occur in a dead as 
in a living plant. It was probably this occasional 
escape of oxygene that induced Priestley to regard 
it as an invariable and constant process, affording 
a compensation for the animal carbone thrown 
into the air, and thus taking froan and giving to 

A A 3 
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the ahimal world what seemed to be mutually 
demanded. 

Mr. Ellis also affirms that all the various 
colours of vegetables depend on the varied pro- 
portion of alkaline and acid matter mixed with 
the juices of the coloured parts of plants : that 
green and yellow, for example, are always pro- 
duced by an excess of alkali in the colourable 
juices of the leaf or flower ; and all the shades 
of red, by a predominance of acid ; while a 
neutral mixture produces a white. And hence 
there is most green in the summer season, when 
the oXygene is parted with most freely, as drawn 
away by tlie rays of light ; while in autumn, 
when there is less separation, the other colours 
of yellow and red are most frequent. 

Mr. Ellis has also quoted a variety of experi- 
ments on different kinds of fishes, muscles, 
marine testacea, snails, leeches, zoophytes, and 
tadpoles, in Avhicli it Avas found that the Avater 
Ayherein these animals had been placed had lost 
a part of its oxygene, and received an addition 
of carbonic acid, while its nitrogenc had 
remained unaffected.* 

This hypothesis, hoAvever, requires confirma- 
tion, and is at present open to many objections. 
If caloric can permeate animal membranes, as 
Mr. Ellis admits it to do, and unite by chemical 
affinity with the blood in the blood-vessels, so also 

* Inquiry into the Changes induced on Atmospheric Air 
by thcGcruunaiiou of 8ced^, &c. Bvo, 1807* As also. Further 
Inquiries into the Changes, &c. 8vo. 1811* 
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may oxygene in certain cases of combination. 
Mr, Porrett has shown that the Voltaic fluid, 
when opei’ating upon water, is capable of carrying 
even water itself through a piece of bladder, and 
oi’raising it into a heap against the Ibrce of gravi- 
tation ; and hence other aflinitics may not only 
introduce the oxygene of the respired air, or a part 
of it, into the blood of the blood-vessels in the 
lungs, through the tissue of the air-cclls, but at 
the same time carry ofl‘ the superabundant car- 
bone in the form of carbonic acid, instead of its 
being thrown out in that of carbonic vaj)our. 
Nor have we any proof that carbone will tlissolvc 
in water, and produce such vapour j and Jicncc 
such an idea is gratuitous. 

Of the general operation, however, there is np 
doubt, whatever be the manner in which it is per- 
formed : and by such operation the new blood 
becomes assimilated to the nature of the system 
it has to nourish j and the old or exhausted 
blood both relic\ cd from a material that may be 
said to suffocate it, and reinspirited for fresh 
action. In this state of perfection, produced from 
the matter of food introduced into the stomach, 
and elaborated by the gasses of the atmosphere, 
received chiefly by the act of respiration, but 
perhaps partly also by the absorbing pores of the 
skin, the blood on its analysis is, found to consist 
of the following nine parts, independently of 

* Stud, of Med. tdit. ji. voL i. j).474. TbouisonV Anna!' 
ol l‘hilos>. No. xliii. jip, 75, 76. 
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its aerial materials : — first, a peculiar aroma, or 
odour, of which every one must be sensible who 
has been present at a slaughter-house on cutting 
up the fresh bodies of oxen j secondly, fibrine, 
or fibrous matter ; thirdly, uncoagulable matter, 
but no gelatine, which is a subsequent secre- 
tion ; fourthly, albumen j fifthly, red colouring 
matter j sixthly, iron ; seventhly, sulphur ; 
eighthly, soda; and, lastly, water. The pro- 
portion of these parts vary almost infinitely, 
according to the age, temperament, and manner 
of living; each of these having a character that 
essentially belongs to it, with particular shades 
that are often difficult to be laid hold of. 

Of these component parts, the most extraor- 
dinary are the red colouring matter, the iron, and 
the sulphur ; nor are we by any means acquainted 
with the mode by which they obtain an existence 
in the blood. I have already had occasion to 
observe, that albumen and fibrine are substances 
formed by the action of the living principle out 
of the common materials of the food, and that 
it is probable the lime found in the bones and 
other parts is produced in the same manner. 
Whether the iron and sulphur that are traced in 
the blood Lave a similar < origin, or exist in the 
different articles of our diet, and are merely 
separated from .the other materials with which 
they are combined, is a physical problem that 
yet remains to be solved. It should be observed, 
however, that the sulphur does not exist in a tree 
state even in the blood itself but is only a com- 
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ponent part of its albumen. Considering the 
universality of these substances in the blood, 
and the uniformity of their proportion in similar 
ages, temperaments, and habits, whatever be the 
soil on which we reside ; that those who live in 
a country in which these minerals are scarcely 
to be traced have not less, while those who live 
in a country that overflovvs with them have not 
more ; it is perhaps most rational to conclude, 
that they are generated in the laboratory of the 
animal system itself, by the all-controlling influ- 
ence of the living principle. 

The exact proportion of sulphur cantiuned in 
the system has been less accurately ascertained 
than that of the iron, which last in an adult, the 
weight of whose blood may be estimated at 
2iibs. *, ought usually to amount to seventy 
scruples, or about three ounces : and hence the 
blood of about forty men contains iron enough 
to make a good j)lough-share, and might easily 
have its iron extracted from it, be reduced to a 
metallic state, and manufactured into such an 
instrument. 

Iron is seldom found except in the red par- 
ticles of the blood f ; and it has hence been 

* Blumenbach states the proportion in an adult and 
healthy man to be as 1 to 5 of the entire weight of the body* 
15y experiments on the water^newt (lacerta palustris)^ be 
found the proportion in this animal to be only as 2^ to 3§. 

f Mr. Brandc denies that iron exists more in the red par- 
tieles of the blood than in the other principles : according io 
his experimeuts, it exists but in a very inconsiderable (luantity 
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supposed by the French chemists to be ilic 
colouring material itself. The process of respi- 
ration, according to the theory of Lavoisier and 
Fourcroy, is a direct process of combustion, in 
which the animal system finds the carbone, and 
the atmosphere the oxygene and caloric ; and 
in consequence of the sensible heat Mdjich is set 
at liberty during the combustion, the iron of the 
blood is converted into a red oxyde, and hence 
necessarily becomes a pigment. 

But it is impossible to ascribe the red colour 
to this principle : for, first, we are by no means 
certain that the air communicates any such sub- 
stance as caloric to the blood ; and, secondly, 
let tlie sensible heat of the blood arise from 
whatever quarter it may, it can never be suffi- 
ciently augmented by the most violent degree, 
either of local or general inflammation, to con- 
vert the iron of the blood into a red oxyde, 
which, indeed, is never produced without rapid 
combustion, flame, and intense heiit. And 
hence. Sir Humphry Davy conjectures the 
carbone itself of the blood to be the real colour- 
ing material, and to be separated from the 


in any of them ; but he has traced it in the chyle, in the serum, 
and in the fibiiue, or washed crassainenl. Phil. Trans. 1812, 
p. 112. Vuuquelin has traced it as a constituent in egg-shells 
and oyster-shells. Thomson’s Annals of Philos. No. 1. p. 6C. 
Put Perzelius has proved Prande to be mistaken, aud that iron 
exists largely in the blood, and is the cause of the red colour. 
See his Anim. Chemistry, 
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oxygcne, with which it is necessarily united to 
constitute carbonic acid gass, by the matter of 
light, which he supposes to be introduced into 
the system in the act of respiration, instead of 
the matter of caloric ; in consequence of which 
it immediately becomes a pigment. But the 
difficulties which attend this theory are almost, 
if not altogether, as numerous as those which 
attend the theoiy of combustion, and it is un- 
necessary to pursue the subject any further. 

In the Philosophical Transactions, and in 
several of the best established foreign Memoirs, 
we meet with a few very curious instances of 
spontaneous inflammation, or active combustion, 
having occurred in the human body. The 
accident has usually been detected by the pene- 
trating smeU of burning and sooty films, which 
have diflused themselves to a considerable dis- 
tance ; and the sufterers have in every instance 
been discovered dead, with the body more or 
less completely burnt up, and containing in the 
burnt parts nothing more than an oily, sooty, 
extremely fetid and crumbly matter. In one 
or two instances there has appeared, when the 
light was totally excluded, a ffiint lambent flame 
bickering over the limbs; but the general com- 
bustion was so feeble that the chairs and other 
furniture of the room within the reach of the 
biiruing body have in no instance been found 
more than scorched, and in most instances alto- 
gether uninjured. 
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It is by no means easy to explain these extra- 
ordinary ilicts, but they have been too frequent, 
and are too well authenticated in different coun- 
tries, to justify our disbelief. In every instancy 
but one the subjects have been females, some- 
what advanced in life, and apparently much 
addicted to spirituous liquors. I shall hence only 
observe, in few words, that the animal body in 
itself consists of a variety of combustible mate- 
rials ; and that the process of respiration (though 
not completely established to be such) has a 
very near alliance to that of combustion itself; 
that the usual heat of the blood, taking that of' 
man as our 'standard, is 98° of Fahrenheit, and 
under an inflammatory temperament may be 
103“ or 101<* j and hence, though by no means 
sufficiently exalted for open or manifest com- 
bustion, may be more than sufficiently so for a 
slow or smothered combustion ; since the com- 
bustion of a dung-hill seldom exceeds 81°, and 
is not oflen found higher in fermenting hay- 
stacks, when they first burst forth into flame. 
The use of ardent spirits may possibly, in the 
cases before us, have predisposed the system to 
so extraordinary an accident ; though we all 
know that this is not a common result of such 
a habit, mischievous as it is in other respects. 
The lambent flame emitted from the body is 
probably phosphorescent, and hence little likely 
to set fire to the surrounding furniture. It is 
not certain whether this flame originates spoil- 
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taiieously, or is only spontaneously continued, 
after liavi ng been produced by a lighted sub- 
stance coming too nearly in contact with a body 
thus surcharged with inflammable materials. 

Such, then, are the circulatory and respiratory 
systems in the most perfect animals ; as mam- 
mals, birds, and amphibials. It should be 
observed, however, that in birds the hollow 
bones themselves, and a variety of air-cells that 
are connected with them, constitute, as we have 
already had occasion to notice *, a part of the 
general respiratory organ, and endow them with 
that levity of form which so peculiarly charac- 
terises them, and which is so skilfully adapted 
to their intention. It should be remarked, also, 
that in most amphibious animals, and especially 
in the turtle, whose inteiior structure is the most 
perfect of the entire class, the two ventricles, or 
larger cavities of the heart, communicate 
something after the manner in which they do in 
the human fetys. 'I'ho lungs of this class arc for 
the most part unusually large j and they have a 
power of extracting oxygen e from water as well 
as from air j whence their capability of existing 
in both elements. The oxygene, however, obtained 
from the water is not by a decomposition of the 
water into its elementary parts, but only by a 
separation of such air as is loosely combined 
with it } for if water be deprived of air or oxygene 


* Vol. I. Ser. I. Lect. xi. p.282. 
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the animal soon expires. We have already 
observed that some amphibials appear to possess 
only a single heart, and- even that of a very 
simple structure. 

In fishes the heart is single, or consists only 
of two compartments instead of four, and hence 
the circulation is single also. The gills in this 
class answer the intention of lungs, and the 
blood is sent to them for this purpose from the 
heart, in order to be deprived of its excess of 
carbone, and supplied with its deficiency of 
oxygene. It is not returned to the heart, as in the 
case of the superior animals, but is immediately 
distributed over the body by an aorta or large 
artery issuing from the organ of the gills. The 
oxygene in these animals is separated from the 
■water instead of from the air ; and for this pur- 
pose the "vrater usually passes through the mouth 
before it reaches the gills : yet in the ray-tribe 
there is a conducting aperture on each side of 
the head, tlu ough which the water travels instead 
of through the mouth. In the’ lamprey it is 
received by seven apertures opening on each side 
of the head into bags, which perform the office 
of gills, and passes out by the same orifices, and 
not as has been supposed, by a different opening 
fiaid to constitute its nostriL 

In the common leech there are sixteen of 
these orifices on each side of the belly, which 
answer the same purpose. In the sea-mouse 
(aphrodita acukata) “ the water passes through 
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the lateral openings between the feet into the 
cavity under the muscles of the back.” * 

The siren possesses a singular construction, 
and exhibits both gills and lungs f ; thus uniting 
the class of fishes witli that of amphibials. 
Linndus did not know how to arrange this curious 
animal, and shortly before his death formed a new 
order of amphibials, which he called aieantes, 
for the purpose of receiving it. It ranks usually 
in the class of fishes. 

The only air-vessels of the wingetl insects have 
a resemblance to the apertures of the lamprey, 
and arc called stigmata. In most instances these 
are placed on each side of the body ; and each 
is regai'ded as a distinct trachea, conducting the 
air, as M. Cuvier elegantly expresses it, in search 
of die blood, as the blood has no means of 
travelling in search of the air. t They are of 
various shapes and numbei-, and are sometimes 
I’ouud, sometimes oval, but more generally 
elongated like a but ton-hole. In the grass- 
hopper they arc twenty-four, disposed in four 
distinct rows. 

The membranous tube that runs along the 
back of insects is called by Cuvier the dorsal 
vessel. It discovers an alternate dilation and 
contraction j and is supposed by many naturalists 

^ Sir B. Home, Phil, Trans» 1815, p, 260. 

1 Home’s Life of Hunter, prefixed to Hunter’s Treatise on 
the Blood, Inflammation, kc, p. xli. 

X Em un mot^ le sang ne pouvant aller chercher Pair, e’est 
Pair qui va cherchcr le sang. Lec^ons d’Anat* Comp. i. 25, 
Sect, 2, Art. 5. 
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to be a heart, or to answer the purpose of a heart, 
(’uvier regards it as a mere vestige of a heart 
without contractions from its own exertion, and 
without ramifications of any kind ; the contrac- 
tions being chiefly produced by the action of the 
muscles running along the back and sides, as 
also by the nerves and trachea?, or stigmata. 
Scorpions and spiders have a proper heart ; and 
as the term insects is now confined by M. Cuvier 
and M. Marcel de Serres to those that have only 
this dorsal vessel, or imperfect heart, the two 
former genera are struck out of the list of 
insects as given by Linneus. 

This organ differs very considerably in its 
structure and degree of simplicity in molluscous 
animals. The heart of the teredo has two 
auricles and two ventricles ; that of the oyster 
one auricle and one ventricle. In the muscle 
the heart is not, strictly speaking, divided into an 
auricle and ventricle, but rather consists of an 
oval bag, through the middle of which the lower 
portion of the intestine passes. Two veins from 
the gills open into the heart, one on each side, 
which may be considered as the auricles. 

In severjil of the crustaccous insects of 

Linneus, as, for example, the monoculus and 

craW-fish, the stigmata converge into a cluster, so 

as to form gills ; which in some species are found 

seated in the claws, and in other species under 

« 

* See M. Marcel de Serres' statement, Tilloch's Journal, 
vol. \liv. p. 148, ; and especially Thomson's Annals of Phil. 
No, xxm. p. 347, 348, 350, 354, 
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the tail. These have for the most part a small 
single heart, and consequently a single circula- 
tion, the course of which, however, is directly the 
reverse of that pursued in fishes ; tor the heart in 
the pi’esent instance propels the blood through 
the body, and the gills receive it, and propel it 
to the heart. This is also the case in the snail, 
slug, and many othci* soft-bodied worms, which 
possess a gill in the neck consisting of a single 
aperture, which it can open and shut at pleasure. 
Yet, \<>^ith a singular kind of apparent sportivcucssj 
tile cuttle-Hsh is posscst of three distinct hearts, 
which is one more than is allotted to mankind, in 
wdioni this organ is onlj double. 

In zoojihytes we ari' in gi'oat ignorance both 
as to <hcir sangiuncous and respiratory functions. 
That ihey stand in need r.l ox}geiu', and even of 
nitrogene, has been saifcionLly determined bv Sir 
11. Davy j as it has also that tliey absorb their 
o.xj'gcnc and nitrogene, as fishes do, from the 
W'ater w'liicli holds these gasses in solution. Their 
nutrition appears to be olleetcd by an immediate 
deri\ ation of the nutritive fluid from their interior 
cavity into the gelatinous substance of theij- 
body. * 

Hence, then, the respiratory organs ol tlic 
animal kingdom may be divided into three 
classes ; lungs, gills, and Iioles or stigmata : 
each of the three classes exhibits a great variety 
in its form, but the office in which they are 
employed is the same. Animals of every kind 

Bluincubacli, § lf>7. 

VOl.. 1. P !i 
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innsl be supplied with air, or rather with oxygeno, 
liowever they may difter in other respects in 
tenacity ot' life j ibr a vaenum.. or a medium 
deprived of oxygene, kills them equally. Snails 
and slugs corked up in small bottles have been 
found to live till they had exhausted the air of 
every particle of oxygene, and to die immediately 
afterwards : and frogs and land-turtles, w'hich 
are well known to sin't'ive the loss of the spinal 
marrow for months, and that of the head ov 
heart for several days, die almost instantly on 
.exposure to a vacuum. ' 

Connected with tin’s general .subject, there is 
still an important question to be resolved, and 
which has greatly occupied the attention of phy- 
siologists lor the last fifty years. 

Mediately or immediately, almost all animal 
nutriment, and consequently almost all animal 
organization, is derived from a vegetable source. 
The blade of grass becomes a muscular fibre, and 
the root of a yam of a potatoe a human brain. 
What, then, is that wonderful jiiocess which as- 
similates substances in fhem.sclvcs so unlike? 
that converts the vegetable into an animal form, 
and endows it with animal powers'? 

Now, to be able to reply succinctly to this 
question, it is necessary first of all to inquire into 
tlie chief 1‘eat lire in which animal and vegetable 
substances agree, and the chief feature in which 
they differ. 


> See Rjk}c‘1oj) Pfrit, Physiol, p. 07^1. 
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Animals and vegetables, tlicn, agree in their 
equal necessity of extracting a certain sweet and 
.saccharine fluid, as the basis of their support, 
I'roin whatever substances may for this purpose 
be applied to their respective organs of ilige.stion. 
Animal chyle and vegetable sap make a very 
close approach to each other in their constituent 
j)rinciples, as well as in their external appeanince. 
In this respect plants and animals agree. They 
disagree, inasmuch as animal substances po.ssess 
a very large pro})ortion of' azote, with a small com- 
parative pro})ortion of carbone ; while vegetable 
■'Ubstanccs, on the contrary, possess a very large 
proportion of c-aiboiie, with a small comparative 
proportion of azote. And it is hence obvious, 

I hat vegetable matter can only be assimilated to 
animal bj^ parting with its excess of carbonc, and 
filling uj) its deficiency of' azote. 

Vegetable substances, then, part first of alt 
uith a considerable portion of their excess of 
carbone in the stomach and intestinal canal, 
during the process of digestion j a certain quan- 
tity of the carbone detaching a certain quantity 
of the oxygcnc existing in these organs, as an 
elementary part of the air or water they contain, 
in consequence of its closer aflinity to ox} gene, 
and producing carbonic acid gass j a fact which 
has been clearly ascertained by a variety of 
experiments by M. Jurine of Geneva. A sur- 
plus of carbone, however, still enters the animal 
system through the medium of the lactcals, and 

B 1! 2 
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continues to circulate with the chj^lc, or the 
blood, till it reaches the lungs. Here again a 
certain portion of carbone is perpetually parted 
with upon every exspiration, in the form of car- 
bonic vapour, according to Mr. Ellis, ^ but, 
according to Sir H. Davy and others, in that of 
carbonic gass, in consequence of its union with 
a part of the oxygene introducetl into the lungs 
with every returning insiriration * ; while the 
t^xocss that yet remains is carried off by tlu' 
skin, in consequence of its contact w'ith atmo. 
spheric air : a fact put beyond all doubt liy the 
experiments and observations of M. .hnine. 
althougli, on a superficial view, ojiposcd by a 
few experiments of Mr. Ingenhouzl, and ob- 
vious to every one, from the well-knowmcircum. 
stance that the purest lirx'n, upon the purest 
skin, in the purest atmosphere, soon become*' 
discbloured. 

In this way, (hen, and by this tiiplc co-opc' 
ration of the stoinacli, the lungs, and the skin, 
I'cgetable matter, in its conversion into animal, 
parts with the whole of its excess of carbone. 

Its deficiency of azote becomes supplied in a 
two-fold method : first, at the lungs j also, by 
the process of respiration, as should appear from 

See Sir IL Dti\ y’b RebearcUes Chemical and Phllobopliical* 
8tc, , and Memoiro bur la Chaltui^ par M. M. Lavoibicr ct 
De la Place. Mem. de ) Acad. Dc la Combustion, <xq. 

f Esbaie ds. Th6one sur I’Aiiimalization V't VAssimilaliifi 
dis Vhmeub, Annalcs JcChimiCj lorn, ii. 
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thd concurrent experiments of Dr. Priestley and 
Sir II. Davy *, which agree in showing that a 
larger portion of azote is inlialed upon every 
inspiration, than is returned by every succeeding 
expiration ; in consequence of which the portion 
retained in the lungs seems to enter into the 
system, in the same manner as the retained o\y- 
gene, and perhaps .in conjunction with it j 
while, in union wi^li this economy of the lungs, 
the shin also absorbs a considerable quantity oi' 
.izote, and thus completes the supply that is 
iieccsbary for the auiinalization of vegetable 
ibod f : evincing liorcby a double consent ot 
acliou in these two organs, and giving us some 
insight into the mode by which insects anti 
worn’s, which arc totally destitute of lungs, aie 
capable of employing the skin as ‘a’ substitute 
lor lungs, by breathing through the spiracles 
existing in the skin for this purpose, or merely 
through the coramou pores of the skin, without 
any such additional mechanism. It is by this 
mode, also, that respiration takes place through 
the whole vegetable world, odcriug us another 

^ See I>Avv\s Bescarclies ChnuiCiJ and Philosophical, K/'* 
aijjil Priestlc) b Experimeats and Obijc?rvatious on diUbiciit 
Kinds of Air, vol. iij. 

I’ M, JiiriiKi is cliiefly entitled to the honour of i1h'» dshco- 
very ; bis experiment s coincide with several of Priestlej^s 
results, and have been since confirmed b) other experimenfs 
uf M*M. Ldvoisicr and IVureroy. Sv*e Premier Memoire 
Mir la Tramipi ration des Aiiimaux, par A, Seguin et Lavoisiei, 
I7<)2 ; and compuic with M. ILissenfratz’b Memoire Mir la 
rombinalson del’Oxygene, &c., Acad. cles iscien. 17<JL 
j) n S 
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instance of resemblance to many parts of the ani- 
mal j in consequence of which, insects, woims, 
and the leaves of vegetables, equally perish by 
being smeared over with oil, or anj^^ other 
viscous fluid that obstructs their cutoeous 
orifices. 

But to complete the great circle of universal 
action, and to preserve the important balance of 
nature in a state of equipoise, it is necessary, 
also, to inquire by what means animal matter is 
reconverted into vegetable, so as to aftbrd to 
plants the same basis of nutriment which plants 
have previously afforded to animals ? 

Now, this is for the most part obtained by the 
process of putrefaction, or a return of the 
constituent principles of animal matter to their 
original affinities, from which they have been 
inflected by the superior control of the vital 
principle, so long as it inhabited the animal 
frame, and coerced into other combinations and 
productions.* Putrefaction is, therefore, to be 
regarded as a very important link in the great 
chain of universal life and harmony. 

The constituent principles of animal matter 
we have already enumerated : they are most of 
them compound substances, and fall back into 


* It shoujd lienco appear, that putrefaction is die only 
positive criterion of death, or the total cessation of the priu- 
ciide of life. Galvanism has, indeed, been advanced as a 
decisive proof of the same by Bchreuds and Grove ; hut 
Humboldt has sulfitiently shown its insecurity us an infallible 
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their I'espective primordia as the putrefactive 
process sets them at liberty. This process com- 
mences among the constituent gasses ; and it is 
only i^ecessary to notice the respective changes 
that t^ke place in tliis quarter, as every other 
change is Un induced result. 

Of these gasses I have already observed, that 
azote or nitrogene is by far the largest in respect 
of quantity, and it appears also to be by far the 
most active. Hence, on the cessation of the 
vital principle, the azotic corpuscles very speedily 
make an advance towards those of oxygenc, and 
generally in the softer and more fluid parts of 
the system j the control of the vital principle 
being here looser and less powerfully exerted. 
An union readily takes place between the two, 
and thus combined they fly off in the form of 
nitric acid ; while at the same time another por- 
tion of azote combines with some portion of 
hydrogene, and escapes in the form of ammonia 
or volatile alkali. A spontaneous decomposition 
having thus commenced, all the other compo- 
nent parts of the lifeless machine are set at 
liberty, and fly ofl* cither separately, or in dif- 
fei'ent combinations j during which series of 
actions, from the union of hydrogene with car- 
bone, and especially if conjoined at the same 
time with some portion of jihosphorus or sul- 
phur, is thrown forth that ofteusive aura which 
is the jicculiar characteristic of the putrefactive 
process, and which, according to the particular 
mode in which the different elemental ‘’Ub- 
B B 4 
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stances combine, constitutes the fetor that 
escapes from putrid fishes, rotten eggs, or any 
Other decomposing animal substances. 

In this manner, then, by simple, bin^, or 
ternary attractions and combinations, the whole 
of the substance constituting the aninlal sysftem, 
when destitute of its vital principle, flies off pro- 
gressively to convey new pabulum to the world 
of vegetation j and nothing is left behind but 
lime or the earth ol‘ bones and soil or the earth 
of vegetables : the former fuimishing plants with 
a perpetual stimulus by the eagerness with 
which it imbibes oxygene, and the latter offering 
them a food ready prepared for their digestive 
organs. 

In order, however, that putrefaction should 
take place, it is necessary that certain acres-- 
saries to such a process should be present, 
without which putrefaction will never follow. 
Of these the chief arc rest, air, moisture, and 
heat. 

Without iiES) the putrelhctive process in 
no instance takes place readily, and in some 
instances docs not take place at all : for animal 
flesh, when exposed to the pei-petual action of 
running water, is often found converted into 
one common mass of fat or spermaceti, as I 
shall presently have occasion to observe more 
minutely. 

Air must necessarily co-exist, for putrefaction 
can never be induced in a vacuum. Yet we 
must not only have air, but genuine atmo- 
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spheric air ; or, in other words, the surroundiiij; 
medium must be compounded of the gasses whicli 
constitute the air of the atmosphere, and in tlieir 
just ||roportions. To prpvc this, it is sufiicient 
to merition that dead animal substance has been 
exposed by M. Morveau *, and other chemists, 
for five or six years in confined vessels, to the 
action of simple nitrogcnc, hydrogene, carboue, 
and various other gitsses, without any change 
that can be entitled to the appellation of putre«. 
faction. 

There must also be MoisTiiun ; for, as-f ha\e 
already observed, putrefaction commences in the 
softer and more fluid parts of the animal system. 
On this account it rarely occurs during a sere 
hannattan or drying wind of any kind, and never 
in a ffost so severe as to destroy all moisture 
whatsoever 5 t,he power of frost exercising quite 
as effective a control over the elements of animal 
matter as tl^ living principle itself. 

For the SStme reason tliere must be ih:at; 
since in the total absence of heat frost must 
necessarily take place, together with an entire 
privation of moisture. i)n this last account, 
again, the heat made use of must only be to a 
certain extent, as about 054“ of Fahrenheit ; for, 

** See M6moire sur U Nature des Fluiclcs elastiqu^s acri- 
formes, qui sc d6gagent dc queiques MntiOies animalcs, 

|)dr M, Lavoisier, Mem. de TAcad. J782 ; as also, M, Bruc;oa- 
♦ paper m Li ell's Chemicid Aunals for 1708, Ueber dii 
I'uuluug thierisclier tlieile in verschieden LulWien. 
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if carried much higher, the rarefaction which 
takes place in the surrounding atmosphere will 
induce an ascent of all the fluids in the animal 
substance towards its surface ; whence they will 
fly oflf in the form of vapour, before the putre- 
fying process can have had time to commence, 
and leave nothing behind but dry indurated 
materials, incapable of putrefaction because des- 
titute of all moisture. Our dinner tables too 
often supply us with instances of this fact, 
in dishes of roast or boiled meat too long 
exposed to the action of the fire, and lienee 
reduced to juiceless and ragged fibres, totally 
devoid of nutriment, and capable of keeping' for 
weeks or months, without betraying any putre- 
factive indication. 

In like manner, when bodies are buried 
beneath the hot and arid sands, of Egypt or 
Arabia, with a sultry sun shining, almost with- 
out ceasing, upon the sandy surface, the heat 
hereby produced is so considerable as to raise 
the whole of the fluids ofllu; animal system to tlic 
cuticle, whence they are immediately and vora- 
ciously drunk up by the bibulous sands that sur- 
round it ; or, piercing their interstices, are thrown 
off into the atmosphere in the form of insensible 
vapour. In consequence of which, when a 
body thus buried is dug up a few wrecks after 
its interment, instead of being converted into 
its original elements, it is found changed into a 
natural mummy, altogether as hard and as 
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capable of preservation as any artificial mum- 
my, prepared with the costliest septics employed 
on such occasions. 

When dead animal organs are deposited in 
situations in which only a very small portion of 
atmospheric air is capable of having access to 
them, a change indeed takes place, but of a 
very different description from that of putrefac- 
tion, and which is of a most curious and extraor- 
dinary nature. For in such cases the animal 
organs, instead of being conveited into their 
original elements, arc ti'ansmuted into fat, wax, 
or spermaceti j or rather into a substance sui 
geucris, and possessing a middle nature between 
that of the t\\ o former, whence the French che- 
mists have given it the appellation of adipoctue ; 
a teiin not strictly classical, but for which the 
chemists of our own country have not hitherto 
substituted any other. 

Tliis result is observed, not unfrequently, in 
bodies that arc drowned, and rendeicd inca- 
])able of rising to the surf ice of the water; for 
in such a situation but veiy little air, and conse- 
quently \ery little oxygeue, can reach them from 
the exterifal atmosphere. And it is to tliesi' cir- 
cumstances we ought, perhaps, to resolve tlic sin- 
gular appearance in the body of Colonel Pollen, 
who was wrecked a few years ago in the Baltic 
sea, near Meniel, and within sight of the coast ; 
and whose corpse av.is six months afterwards 
thrown on shore, with the features of the face 
so little vaiicd, that t\ci> one of his acquaint- 
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ance recognised him at the first glance. Tiie 
body had probably been entangled in the sub- 
marine sands on first sinking, and been retained 
in this situation for months, cut off from that 
exposure to external air which is absolutely 
necessary in all cases of putrefaction projierly so 
called. A similar conversion into wax-fat was 
observed also in lySb and 17 ^ 7 i on opening the 
Josses communes, or common burial pits in the 
churchyard of the Innocents at Paris, for the 
purpose of laying the foundation ofa new pile 
of buildings. For the bodies that on this occa- 
* sion were 'dug up, instead of being dissolved 
into their elementary corpuscles, were luund for 
tlic most part converted into this very substance 
of waxy lilt or adipocire. The populace were 
alarmed at the jihamomenon, and tlie chemists 
were applied to for an explanation. M. Four- 
croy, among others, attended upon this occa- 
sion; and his solution, which will ajiply to .all 
cases of a similar kind, rclcrred the whole to the 
extreme difficulty with which external air had 
obtained any commuiiicalion wiili the inhumed 
bodies, in consequence of tlte close adajitation 
of colUn to coffin, and the comjiactness witli 
which every pit had been filled up. Difficult, 
however, as this communication must have been, 
he conceived that, trom the natural elasticity of 
atmospheric air, some small portion of it had still 
e^itered, conveying, perhaps, ji isi oxygcnc enough 
to excite. the new action of decomposition. 
Tins having uviu.nv-'ucvd, the constituent ox>- 
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genu ol' the dead animal organs would itself be 
l>rogressivc]y disengaged, and rapaciously laid 
liold of by all the other constituent principles, 
from their strong and general affinity td it. 
During this gradual evolution, there can be little 
doubt that the greater part of it would be seized 
by the p'redominant azote, a very considerable 
[)art by the carbone, and the rest by the hydro 
gene; and the result would be, upon the total 
hilt very slow escape of tlic constituent and dio 
engaged OKygenc, that the whole or ncaily tin* 
whole of the azote, a considerable poition of the 
carbone, and a ci'rtain quantity of the hydn* 
gene, would escape also — leaving behind the 
remainder of tlie carbone and tlie hydrogene, 
now incapable of escajie from the want of oxy- 
goiK to give wings to their tlighi, together with 
the residual earth of the animal machine. 

IJut liydrogeue ti 1 eaibonc, thougii in Un- 
case incapable of sublimation for want Of oxy- 
gene, would still, iiom their mutual attraction 
and jir 1 ? position, cuter into a new union and 
produce a new result, and 'this result must 
necessarily be flit j for flit is nothing else than a 
combiiiatimg in given proportions, of carbone 
and hydrogcnc. And hence, whatever the 
respective animal organs of the bodies deposited 
in these burial caverns may have antecedently 
consisted of, vihether muscle, ligament, tendon, 
skin, or cellular substance, when thus deprived 
of their oxygenc and azote, the whole must ol 
necessity be converted into fat. Pure and 
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genuine fat it would have been, provided there 
had been nothing left behind but mere carbonc 
and liydrogene, and in their respective proi)orr 
tions' for tlie formation of flit j but as we can 
scarcely conceive such proportions could take 
place, or that every corpuscle of the azote could 
lie carried ofl’ before the toUd escape of the oxy- 
gcnc, many parts of it must necessarily have 
assumed a flaky, soapy, or waxy appearance, 
from the union of the azote left behind, witli 
some portion of the hydrogcnc, and the conse- 
quent production of ammonia or volatile alkali j 
since, by an intermixture of alkali with fat, 
every one knows that soap or a saponaceous sub- 
stance is uniformly produced. 

But, excepting in situations of this kind, in 
reality, in every situation in which dead animal 
matter, destitute of its living principle, is 
exposed to the usual auxiliaries of putrefaction, 
putrefaction will necessarily ensue, and the 
balance will be fairly maintained : — the common 
elements of vital organization will be set at 
liberty to comracilce a new career, and the ani- 
mal world will restore to the vegetable the whole 
which it has antecedently derived from it. 

In this manner is it, then, that nature, or rather • 
that the God of nature, is for ever unfolding that 
simple, but beautiful round of actioiS, that circle 
of eternal motion, in which every link mzuntains 
its relative importance, and the happiness of 
every part flows from the harmony of the whole, 
("an we, then, do better than conclude with the 
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correct and spirited apostrophe of one ol’ onr 
most celebrated poets : — 

Look round the world ! behold ibe chain of lore 
Combining all below and all above. 

See plastic nature working to this end ; 

Atoms to atoms — clods to crystals tend> 

Sec d>ing vegetables life sustain ; 

Soelile dissolving, vegetate again. — 

All serv’d, all serving, nothing stands alone. 

The chain holds on, and where it ends unknown. 

* Tlus line is altered to answer the picsent purpov in 
belt Cl ujannt'r. 



3Si 


LECTURE XIV. 

ON Titfc processes OP ASSTMILATION AND NtJTRI-' 

TIONJ AND THE CURIOUS EFFECTS TO WHICH. 

TIlfiT LEAD. 

We have traced out in our preceding studies 
something of the means by which form, and mag- 
nitude, and motion, are produced in the in- 
organized world : — how the various substances 
that surround us combine and separate, vanish 
from us and re-appear, and, in the multifarious 
processes they undergo, give rise to new pro- 
ducts by new and perpetually shifting involutions. 
We have further traced an outline of the means 
by which organized matter is capable of build- 
ing up the curious structures of plants and 
animals ; how the chief functions they possess 
are carried on, and by what means they respec- 
tively acquire maturity and perfection. 

But it is not only necessary that the system 
should in this manner be matured and per- 
fected by a fresh application of materials, but 
that the old materials which constitute every 
organ should be progressively removed from 
the system, in consequence of their being worn 
out by use, and their place supplied from defi- 
nite, stores. Let, ns, then, devote the presi^t 
hour to au enquiry how this latter ciiange pccur« ' 
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in vascular and living matter, in the vegetable 
and animal system : by what means the dead or 
exhausted and worn-out elements of the diffe- 
rent organs are carried off, and replaced by new 
reformative materials, and what are the prin- 
cipal phaenomena that result from such a series 
of operations. 

Tlie blood, then, in animals, and the sap, 
which may be regarded as a species of blood, 
in plants, of both which we have already treated, 
are the vital currents from which every organ 
of the individual frame derives the nourish- 
ment it stands in need of, and into which it 
pours ultimately a considerable portion of its 
waste and eliminated fragments; for the pro- 
vident frugality of nature suffers nothing to be 
lost, and, as far as possible, works up the old 
materials, time after time, into fresh food for 
the subsistence of the entire system. 

To produce this double purpose two distinct 
sets of vessels arc necessary : one for that of' 
separating from the common mass of the blood, 
and re-combining into new associations, those 
particular parts of it which the formation of the 
fresh matter demands ; and the other for that 
of carrying back the rejected materials into the 
general current. And hence tliese two sets of 
vessels bear the same relation to each other as 
the veins and arterie.s of the animal frame, 
accompany every part of the- frame to.,^ts far- 
thest extremities, and, indeed, constitute the 
general mass of the frame itself. Frpm the 

VOL. 1 . 0 c 
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respective offices they perform, they are denomi- 
nated SECERNENT and AOJvSORBENT systcms: in 
their utmost ramifications they are too minute 
to be traced by the keenest eye, or the nicest 
experiment of the anatomist ; but, where the} 
are not quite so minute, they are sufficiently 
discoverable, and their course is sufficiently 
capable of being ftillowed up, from the deli- 
cate apertures or mouths by which, in infinite 
numbers, they open on all animal surfaces, or 
hollows whatever, to their incipient sources. 

The secernents, or that set of vessels whose 
office it is to separate particular parts from 
the blood for particular purposes, are evidently 
continuations of some of those very subtile 
ramifications of the arteries w'hich, on account 
of their fineness, are called capillary ; and the 
absorbents, or that set of vessels whose office 
it is to imbibe or drink up the waste and ex- 
hausted materials, are as evidently distinct and 
attenuate tubes, progressively uniting, and ulti- 
mately emptying themselves into the venous 
system, the common trunk in which they con- 
centre, and in which also concentre the lacteals 
of the alimentary canal, named the thoracic duct, 
being a tough membranous channel situate upon 
the interior part of the spine, of about the 
diameter of a crow-quill in man, and running in 
a serpentine direction through the aiaphragm or 
midriff to an angle formed by an union of the 
jugular and subclavian veins, into which it opens, 
and where of course it terminates, leaving the 
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waste and the new food, now intimately inter- 
mixed, to be still farther elaborated and refitted 
for use by those subsequent and specific opera- 
tions of the heart and the lungs which, we liave 
alnuidy described. * 

The simplest action, perhaps, that is <;vinced 
by the mouths of the secretory or secernent' 
vessels, consists in separating and throwing forth 
a fine lymph from the surface of all membraijcs 
and organs whatev'cr, tiw the purpose of lubricat- 
ing tlicMn, as wc grease the axle-tree of our 
carriage wheels ; and thus preventing one mem- 
brane or organ from being injured by the friction 
of another. Of this every one who has been pre- 
sent on the cutting up of slaughtered oxen must 
have seen an abundant and striking instance, in 
the \ij)our that ascends from every part of the 
warm carcase, which vapour, when condensed by 
cold or any other cause, is found to be little 

* This* double action by a double set of vessels was little, 
if at all, known to the aucieuls, who referred the eronotny of 
both secretion and absorption to the powers of peculiar arte- 
ries and veins ; and hence, the porosity of these vessels was 
a doctrine in common belief, till the time of Hewson, Iluntcr, 
and Cruickshauk. M. Mageudie and M* Flandrin, of Paris, 
have of late been very active in establishing a view of the 
subject ill many respects not essentially different from that 
of the old school, and in leaching that the only general 
absorbents are the veins ; that the lacteals absorb food, but 
nothing else; and that the lymphatics have no absorbent 
power whatever. 1 heir experiments are plausible and strik- 
ing, but by no means decisive enough to subvert the system 
explained above. The argument on both Mdes may be found 
in the author’s Study of Medicine, Vol. v. p, 27S. edit, ‘Jd, 
1820 . 
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more tb^n the serum or watery part of the blood. 
And one of the simplest actions evinced by 
the mouths of the absorbent vessels, consists in 
their drinking up, as with a sponge, tbis attenuate 
or lymphatic fluid, when it has ’answered its 
purpose, so as to make room for a fresh and 
^perpetual effusion j whence these vessels are often 
called LYMPHATIC, as well as absorbent, in con- 
sequence of their being so frequently found 
loaded with this tine and colourless material. 

And here, perhaps, the first remark that must 
occur to every one is the necessity there seems 
to exist, that these correspondent systems of 
vessels should maintain the nicest harmony or 
balance in their respective functions ; since, if 
the one operate either with a less or a larger 
power than the other, disease' must inevitably 
follow ; the nature of the malady being deter- 
mined by the nature of the cause that pro- 
duces it. * 

We have all of us heard, and most of us have 
seen, instances of the disorder called dropsy j 
and many of us have surveyed it both in a local 
and a general form, as dropsy of the head, 
dropsy of the chest, dropsy of the abdomen, 
and dropsy of the cellular membrane or system 
at large. This disease may take place from two 
causes ; as, for example, from a t(K> great excite- 
ment' of the secernent system, or a too little 
excitement of the absorbent. If, from a morbid 
irritability in the secernent vessels of any .one 
of the cavities I have just adverted to, an undue 
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pfoportion of lubricating lymph be secreted and 
steam forth, the natural tone and action of the 
correspondent absorbent vessels will not be 
sufficient to carry off the surplus ; and hence 
that surplus will accumulate, and dropsy ensue, 
although the absorbent vessels of the part 
affected be in a state of usual health and 
vigour : the disease depending altogether on the 
morbid and predominant excitement of the 
sccerncnts. 

But supjiose the absorbent vessels of a par- 
ticular cavity, in consequence of cold, exhaustion 
from great previous exercise, or any other cause, 
to be rendered torpid and inert, and consequently 
incapable of continuing their accustomed 
meafhre of actiorf : in this case dropsy will also 
ensue, notwithstanding the corresponding secer- 
nent vessels are in a state of natural health, and 
no larger portion of lymph is secreted than a state 
of natural health demands j for the fluid will 
now accumulate, from the morbid torpitude of 
the absorbent system, and its inability to fulfil its 
function. It is hence, as every one must per- 
ceive, a point of the utmost consequence to 
determine the nature of the cause in dropsy, 
is, in truth, it^is in every qther disease, before 
we attempt a remedy j since an error upon this 
subject majstibe productive of the most serious, 
and indeed fatal consequences. For it is obvious 
that we may stimulate where we ought to 
diminish action, or we may diminish action 
where we ought to stimulate. 

c c 3 
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Occasionally, however, the action is equally 
increased in both sets of vessels ; as, for exanij)le, 
in inflammation of the leg or arm ; and in this 
case there is great heat and dryness, and at the 
same time consi(lera!>le intumescence or swelling. 
For under this alfection the mouths of the 
secernent vessels, being more distended than in 
a natural state, pour forth the coagulable 1} mph 
in a grosser and less attenuate Ibrm, and not un- 
fre(]nently, perhaps, intermixed ^^ith some par- 
ticles of red blood; while the moittbs of the 
absorbents, though they as eagerly drink up the 
finer paits of what is thus rapidly sliaiued t)fTj 
are incapable of carrying away with equal case 
those of a grosser texture ; in consequence of 
which these last remain behind, and pro<luce 
tumefaction by their accumulation. 

At times, also, we meet with an equal degice 
of diminished instead ot uic'cased action in 
both these sets o/' vessels ; as on exposure to 
cold and damp temperatures ; in cases ol' spare 
and coarse dii't ; or of old age. And the result 
of this double decrease ol' energy is dryness, as 
in the tbrmcr instance, bat combined with lean- 
ness and corrugation of the organs that arc thus 
afiected. It is hence the boneg of old people 
are more easily broken, and the skin is harsher 
and more wrinkled than in the middle of life ; 
hence the shrivelled and squalid appearance of 
gipsies and beggars j and hence, in a considerable 
degree, the low and stinted stature of the 
Esquimaux, Laplanders, and 'I'oogooses. 
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For all the usual purposes of health and 
organic nutritioiij the common action and com- 
mon degree of action evinced by these respon- 
dent systems of vessels are perfectly sufficient, 
though not more that sufficient. It may happen, 
however, that in couse<juenco of severe violence 
from external injury or internal disease, a con- 
sideiable ptn'tion ol' an organ, as a part of some 
ot‘ the muscles mat belong to an arm or a leg, 
m.n be totally neatroyed or killed, and consc- 
qn- ntly jendeied incapable of perfujining its 
proj)er function. How is natuie, or, winch is the 
same thing, the remedial principle of life, to act 
in such ciicumstances ? If the dead part remain, 
it is manifest that it must impede the living parts 
lliat surround it in the execution of their ap- 
projii'iiite office ; indejieiideutly of which they 
want liic space v\luch the dead part occupies, 
and the aid wiiich it formerly contributed. It is 
otviou-! ihat two processes arc here necessary: 
the <lead part must be carried offi and its post 
must be filled up by a substitute of new matter 
possessing the precise projiorties of the old. 
And here W'e meet with a clear and striking 
instance of that wonderful instinctive power 
which pervades every portion of the vital systems, 
lioth of the animal and vegetable world, and 
which is perpetually prompting them to a repair 
of whatever evils they may encounter, by the 
most skilful and definite methods. 

In order to comply with this double demand 
of carrying oft’ the dead matter, and of pro- 
t'f 4 
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vitiing a substitute of new, each of the syst^aa 
before us commences, in the living 'substance 
tliat immediately Surrounds that wliioh requires 
removal, a new mode and a new degree of action. 
A boundary line is first instinctively drawn 
between the dead and useless^ and the living and 
active parts; and the latter' retract and separate 
themselves from the former, as though the two 
had been skilfully divided by a knife. This 
process being completed, the mouths of the 
surrounding absorbent .vessels set to work with 
new and increased power, and drink up and 
carry off whatever the material may be of which 
the dead part consists, whether fat, muscle', liga- 
ment, cartilage, or bone ; the whole is equally im- 
bibed and taken away, and a hollow is pro- 
duced, where the dead part existed. At the same 
time the mouths of the corresponding secernent 
vessels commence a similar increase and newness 
of action, and instead of the usual lymph, pour 
forth into the hollow a soft, bland, creamy, and 
inodorous fluid which is denominated pus ; that 
progressively fills up the cavity, presses gradually 
against the superincumbent skin, in the gentlest 
manner possible distends and attenuates it, and 
at length bursts it open, and exposes the whole 
of the interior to the action of the gasses of the 
atmosphere. 

It was at one time conceived, and by writers of 
considerable eminence and judgment and of as 
late a date as the time of Mr. Hewson, that the" 
injured and dead parts were themselves dissolved 
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and converted into posj but this opinion has 
been disproved in the most satisfactory manner 
by the minute . and accurate experiments of 
Mr. John Hunter, Sir Everard Home, and 
Mr. Cmickshank } and the process has been 
completely established as I have now related it. 

In what immediate way the gasses of the 
atmosphere operate so as to assist the secernent 
mouths of what is now the clean and exposed 
surface of a wound, in producing incarnation, or 
the formation of new matter of the very same 
kind and power as that which has been carried 
off, and enable tliem to till up the cavity with 
such new matter, and perfect the cure, we do 
not exactly know. Various theories have been 
offered upon this very curious subject } but at 
present they are theories, and nothing more; and 
I shall not, therefore, detain you with a relation 
of them. Thus much, however,' we do know, 
that the co-operation of the atmosphere with the 
action of the mouths of the secernent system 
engaged in the work of restoration is, in some 
way or other, peculiarly beneficial; and that, 
generally speaking, the wider the opening, and 
the freer the access of atmospheric air of a due 
temperature to the surface of the wound, or, 
which is the same thing, the freer it comes in 
contact with the mouths of the secernent vessels, 
the more rapidly and auspiciously the work of 
impletion and assimilation proceeds. Neither 
do we know, precisely, why pus, rather than any 



394 - 


ON THE PROCESSES OP 


Other kind of fluid, should in the first instance 
be poured forth,' for the puipose of filling up the 
hollow, and producing a rupture of the skinj 
but we know to a certainty that some such 
general process is in most cases absolutely neces- 
sary } we know that such a rupture must take 
place in the natural niode of cure; that the 
atmosphere must come into close contact with 
the mouths of the restorative secernents ; that 
a milder or softer fluid could not possibly be 
secreted for such a purpose ; and that the entire 
process exhibits proofs of most admirable skill 
and sagacity. It is at times possible for us to 
assist the process by the lancet, which accelerates 
the opening. Yet even in this case we do no 
more than assist it, and are only, as we ought 
ever to be in all similar cases, humble coadjutors 
and imitators of nature, and admirers of that 
all-perfect and ever-present wisdom which we 
are so often called upon to witness, but are never 
capable of rivalling. 

A process closely similar to this is perpe- 
tually unfolding in vegetable life. And it was 
merely by taking advantage of this process that 
Mr. Forsythe was able to make old, but well- 
rooted, stumps of fruitt-rces throw forth, far more 
rapidly than he could saplings, a thrifty family of 
vigorous and weft-bearing shoots ; fol the compost 
which he was so celebrated does nothing more 
than merely increase the secernent and absorb- 
ent action of the vegetable frame by its 
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stimulating property, and defend the wounded 
part to which it is applied from being injured by 
the inclemency of the weather. 

From what has thiis far been observed it ap- 
pears obvious that all tlie different parts of the 
living body arc assimilating organs, or, in other 
words, are capable of converting the common 
nutriment of the blood into their own respective 
natures, and for their own respective uses. And 
• it has also appeared, that under particular cir- 
cumstances every part is capable, moreover, of 
secreting a material dillerent from that ol* its 
own nature, as, for example, the material of pus, 
whenever such a substance is necessary. 

This view of the subject will lead us to under- * 
stand with facility how it is possible for various 
organs of the system to maintain two distinct 
secretions at the same time : one of a matter 
similar to its own substance, and exclusively for 
its own use j and another of a matter distinct 
from its own substance, and in many instances 
subservient to the system in general. 

Of this last kind are the stomach, the liver, 
the respiratory organ, and the braiu : eath of 
which secretes, independently of the matter for 
ite own nourishment, a matter absolutely neces- 
sary to the health and perfection of the general 
machine; ah the gastric juice, the curious and 
wonderful properties of which 1 described on a 
former occasion ; the oxygenous principle of the 
inspired air, and, as some suppose, those of light 
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or caloric ; the bile ; and the nervous fluid, or 
material of sensation. 

There are various other organs of a smaller 
kind, and simpler texture, which also perform 
the same double office, and secrete materials 
of a much more local use, or which are intended 
to be altogether thrown away from the system, as 
waste or noxious bodies. And to the one or the 
other of these classes belong the kidneys, the 
intestinal tube, the minute and very simple per- 
spiratory follicles of the skin, the delicate 
organs that separate the saliva and mucus that 
serve to lubricate the mouth and nostrils, and 
those that elaborate the tears, the wax of the 
inner ear, and the fat. 

The organs, of whatever size or texture, that 
perform this double function, are called secretory 
glands } and they are distinguished into different 
sets, either from their peculiar ofiice or peculiar 
structhre : as salivary, lachrymal, mucou§»- which 
are denominated from the former character, 
and apply to the smallest and simplest of them ; 
conglobate, which are of a larger form, and of 
an intricate convolution, and belong exclusively 
to the absorbent system, — as the mysenteric and 
lumbar ; and glomerate ' and conglomerate, 
which arc composed of a congeries of san- 
guineous missels, without any cavity, but with 
one or more mouths, or excretory ducts as they 
are called, which, in the latter, open into one 
oommon tfunk,-— as the mammary and pan- 
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creatic ; both which kinds are denominated 
from the character of thei’’ structure. 

It is by this peculiar organization in animals 
and plants that all those nice and infinitely 
varying exhalations or other fluids are thrown 
forth from different parts of them, by which such 
parts, or the whole individual, or the entire 
species of individuals, are respectively charac- 
terized. Our own senses are too dull to trace 
a discharge of any kind of essence or vapour 
from the surface of the human skin in its oi’di- 
nary action ; but* the discoloration which soon 
takes place upon the purest linen, when worn in 
the purest atmosphere, sufficiently proves the 
existence of such an efflux; and there are 
various animals whose olfactory organs arc 
much acuter than our own, as our domestic dogs, 
for example, that are able to discern a difference 
in the odour of the vapour which issues from 
the skin of every individual, and that in fact 
identify their respective masters, and distin- 
guish them from other individuals by this 
character alone. 

It is to this sense chiefly that quadrupeds, 
birds, fishes, and most insect tribes trust them- 
selves, in their search after food ; and hence the 
superior acuteness of this power in animals of 
such kinds is a strong proof of that unerring 
wisdom which regulates the world, and is equally 
conspicuous in every part of it. Under peculiar 
circumstances, however, the sense of smell ap- 
pears to be far more lively among mankind than 
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when such circurastances do not exist. M.Virey, 
who has written a very learned treatise upon 
this subject, asserts, that it occurs among 
savages in a fur liighcr degree of activity than 
among civilized nations, whose olfactory noiTes 
are blunted by an habitual exposure to strong 
odours, or intricate combination of odours, 
and by the use of high-flavoured foods. And 
among persons in a ke(‘n morbid state of irrita- 
bility it has been often found, even in civilizi'd 
life, much sharper than among savages. Tlic 
Journal dcs Sejavans, an. lGG7» gives a curious 
history of a monk who was said to be able to 
ascertain, by the difference of odour alone, the 
sex and age of a person, whether he were mar- 
ried or single, and the manner of life to which 
he was accustomed. * 

When the exhalation from the human skin 
is increased by muscular exercise, or any other 
exertion, it is rendered visible ; and in this state 
it is generally found to combine with it a certain 
portion of dissolved animal oil or fat. Even 
without much increased action of the system, it 
is possible at times to obtain a knowledge of its 
existence under particdlar circumstances, or by 
particular applications. Thus, in cold subter- 
raneous caverns, where the air is dense and 

* In a J^pet on tlie Vetiveria, in the Swedish Academy 
Transactions, there are a variety of curious observations on the 
peculiar [iroperlies given to the smell, flesh, &c. of dilferent 
fmimals, inconsequence of their feeding' on different foods. 
It ih entitled Petiveria, en Americansk viixt. Anal, Trans, 
toni. i. p. 3 16. 
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heavy, the natural evaporation often escapes 
from Ihe surface of fJie body in the form of 
thick clouds ; and a bright mirror, when held 
near a warm and naked skin, in tlic tempcratiire 
of the atmosphere, soon becomes obscured by 
a moist vapour. 

Tlie quantity of this fluid discharged, either 
in a state of quiescence or of increased action, 
has not been determined W'ith any great degree 
of exactness. According io M. do Sauvages*, 
a man ol‘ middle statuie and age, weighing 
11-G1I)S., takes dail}' of food and drink about 
50 ounces (circiter quinquaginta sex uncias), 
his (tinner being about twice as much as his 
sn])jicr. In the same jteriod he perspires about 
iiS ounces ; viz. about twelve during the third 
part of his time in which he sleeps, and sixteen 
during the two-thirds in which he is awake. 
It appears certain, from the experiments ol’ 
dorter, that the weight of the body is more 
diminished by the same quantity of sweat than 
of mere perspiration. 

Sanctorius, whose expe]iments»of measuring 
the weight of the body were made in the warm 
climate of Ital} , ascertained, that in that region 
eight pounds of food received by the mouth 
were, by the different insensible secretions, re- 
duced to three ; making the proportion of insen- 
sible exhalation as five to eight. In cdlll climates, 
however, it has been determined, that it does 
not amount to more than two-fhirds of this pro- 

A 

^ Nosol. Meihod. H. 
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portion } and of either quantity, it ha$ lately 
been very satisfactorily established, that more 
than half this secretion has been thrown forth 
from the surface of the lungs j which I esti- 
mated in a previous lecture, and from the experi- 
ments and calculations of Lavoisier, as discharg-. 
ing not less than eleven ounces of solid carbone 
or charcoal in every four-and-twenty hours. * 

Plants transpire precisely in the same way, 
and to a much greater extent, through the 
medium of their leaves } which, while they form 
a great part of their cuticle, may, as I have 
observed on a former occasion t, be also contem- 
plated as their lungs. Hales calculated that a 
sun-flower, three feet high, transmits in twelve 
hours one pound four ounces of fluid by avoir- 
dupois weight. Bishop Watson put an inverted 
glass vessel of the capacity of twenty cubic 
inches on grass which had been cut during a 
very intense healrof the sun, and after many 
weeks had passed without rain ; in two minutes 
it was filled with vapour, which trichled with 
drops down its sides. He collected these on a 
piece of muslin, carefully weighed, and repeated 
the experiment for several days between twelve 
and three o’clock j and estimated, as the result 
of Ins experiment, that an acre of gra^s land 
transpires in twenty-four hours not less than 
6,400 quarts of water. Dalton, lor dew and 
rain together, makes the mean of England and 

* Vol. I. Ser. 1 , Lecf. wii. | Vol. k Ser. i, Lect, sy. 
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Wales '36 inches, thus amounting, in a year, to 
28 cubic miles of water. Grew, in 171 15 calcu- 
lated the number of acres in South Britain at 
40,800,000, and allowed a million to Holland. * 
Smith, for England alone, gives 7 S 4 - millions in 
the present day. t 

But the same general surface in animals and. 
vegetables that thus largely secretes delicate 
fluids, largely also imbibes them by the corre- 
sponding system of absorbent vessels, opening 
with their spongy mouths or ducts in every 
direction. Hales ascertained that the above 
sun.flower, which threw off* not less than twenty 
ounces of fluid in twelve hours, suspended its 
evaporation as soon as the dew i'ell, and ab- 
sorbed two or three ounces of the dew instead. 
And among animals, and especially among man- 
kind, the manifest operations of medicines, and 
other foreign substances, merely dift'used through 
the air, or simply applied to the skin ; of various 
vapours, as those of mercury, turpentine, and 
saffron ; of various baths, as of tobacco, bitter- 
apple, opium, cantharides, arsenic, and other 
poisons, producing the most fatal effects, and 
altogether absorbed by the skin, are decisi\e 
and uncontrovertible proofs of such an action. 
It is hence the bradypus, or sloth, supports itself 
without drinking, perhaps at any time, and tJie 
ostrich and camel for very long periods, though 
the latter is also possest of a natural reservoir. 

Phil, Trans* for 181 1, p. 265. 

'f Phil. Mag. -vix. 197* Voting's Nat. Phil. u. 369. 

VOL. 1. D l> 
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And hence the chief impletion of the human 
body, in many cases of abdominal dropsy t since 
persons labouring under this disease have often 
been observed to fill with rapidity during the 
most rigid abstinence from drinks of every 
kind. 

Along with the common odour of insensible 
j)erspiration, discharged fiom the human surface, 
we often meet with other odours of a much 
stronger kind, produced by particular diseases 
or particular inodes of life, and which are 
distinctly perceptible. Thus, the food of garlic 
yields a perspiration possessing a' garlic smell ; 
that of peas a leguminous smell j coarse oils and 
fat a rancid smell, which is the cause ol* this 
peculiar odour among the inhabitants of Green- 
land ; and acids a smell of acidity. Among 
glass-blowers, fi oni tlie large quantity of sea-salt 
that enters into the materials of their manufac- 
ture, the sweat is sometimes so higldy impreg- 
nated, that the salt they employ, and imbilie by 
the skin and lungs, has been seen to collect in 
crystals upon their faces. 

llencc, too, the various smells that are emitted 
from the surface of other animals, and espe- 
cially that of musk, which is one of the most 
common. . We trace this issuing generally from 
the bodies of many of the ape species, and espe- 
cially the siinia./rt'rcAiw ; still more profusely from 
the opossum, and occasionally from hedge-hogs, 
^vater-rats, hares, serpents, and crocodiles. Tlie 
odour of civet is the production of the civet-cat 

7 
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alone, the viverra Zihetha, and vivcrra CivcUa 
of Linncus ; though we meet with faint traces of 
it in some varieties of the domestic cat, the felis 
(V*/ of the same writer. Genuine castor is, iii 
in like manner, a secretion of the castor fiber ; 
but tlie sus Tajassu, and various other species of 
swine, yield a smell that makes an approach 
towards it. 

Among insects, however, these odours are 
consiilerably more varied, as well as considerably 
more pleasant; for the musk- scent of the 
cerambix moschatiiSj^ the a^hjhtgrans, and the 
tipula moschijl-ra, is far more delicate than tliat 
of the musk quadrupeds; while the cerambix 
smoeolcns, and several species of the ichneumon, 
yield the sweetest perfume of the rose ; and tlic 
petiolatcd sphex a balsamic ether highly fra- 
grant, but peculiar to itself. Yet insects, like 
other classes of animals, furnish instances of dis- 
agreeable, and even disgusting scents, as well as 
of those that arc fragrant. Thus, several species 
of the melitaj breathe an essence of garlic or 
onions ; the staphilinus hrunqyes has a stencJi 
intolerably fetid, though combined with the 
perfume of spices; while the caterpillars of 
almost all the hymenoptera, and the larves of 
variotfs otiier orders, emit an cxhalatiop in many 
instances excessively jiuugcnt. The carabils 
crejnfans, and sclopeta (T Fabricius, pour forth 
a similar vapour, accompanied with a strange 
crackling sound. 


i>.n2 
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The odorous secretions belonging to the 
vegetable tribes are well known to be still more 
A’aiiable ; sometimes poured forth from the 
leaves of llie plant, as in the bay, sweet-briar, 
and heliotrope ; sonic times from the trunk, as in 
the pines and junipers; but more generally from 
the corol. It is from the minute family of the 
jungermannia, nearly related to the mosses, and 
often scarcely visible to the eye, that we derive 
the chief sense of that delightful fragrance per- 
ceptible after a shower, and especially at even- 
tide * : and from the florets of the elegant anthox- 
anliunn odorafnui, or sjning-grass, that we are 
chiefly furnished with the sweet and fragrant 
scent of new-mown hay. But occasionally the 
odours thus secreted are as intolerable as any 
that are emitted from the animal world; of 
which the ferula assq/a’tida, or assafetida plant, 
and the stapelia hirsuta, or carrion flower, are 
suflicieiit examples. 

'J'o the same secernent poevers, moi'eover, of 
animals and vegetables, existing in particular 
organs rather than extended through the 
system generally, we are indebted for a variety 
of very valuable materials in trade and diet, as 
gums, resins, wax, fat, oils, spermaceti, i^d to 
the same cause we owe, also, the production of 
a multiplicity of poisons and other deleterious 
substances : such, for instance, as the poison of 
venomous serpents, which is found to consist of 


* Hooker’s MonOgraphy of British Jungerjn. 
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a genuine gum, and is the only gum known to 
be secreted by animal organs ; the electric gass 
of the gymnotus electricus and raia Torpedo ; 
the pungent sting of the stinging-nettle, urtica 
nrens, and of the bee, both which are produced 
from a structure of* a similar kind ; for every 
aculeu^ or stinging point of the nettle is a 
minute and highly irritable duct, that leads to 
a minute and highly irritable bulb, filled with a 
minute drop of very acrid fluid : and hence, 
whenever any substance presses against any of 
the aculei or stinging points of the plant, the 
impression is connnunicated to the bidb, wliieh' 
instantaneously contracts, and throws forth the 
minute dro]) of acrid fluid through the ducts 
uiioii the substance that touches them. 

As the secernent system thus evidently allots 
particular organs for the secretion of particular 
materials, the absorbent system is in like manner 
only capable of imbibing and introducing into 
the general frame particular materials in parti- 
cular parts of it. Thus, ojiium and alkohol, the 
juice of aconite, and essential oil of laurel or 
bitter almonds, produce little or no eflect upon 
the absorbents of the skin, but a very consider- 
able effect upon the coating of the stoaiacii. 
In like manner, caibonic acid gass invigorates 
rather than injures, when applicil to the ab- 
sorbents of the stomach, but instantly destroys 
life when ajipUed to those of the lungs ; while 
the aroma of the toxicaria Macasariemis, or 
Boa upas, of which we have heard so much of 
D J) 3 
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late ycats, proves equally a poison, whether 
r^eceived by the skin, the stomach, or tlie lungs. 

So, also, substances that are poisonous to one 
tribe of animals are medicinal to a second, and 
even liighly nutritive to a third. Thus, swine 
are poisoned by jiepper-sec'ds, which to man are 
a serviceable and grate! nl spice ; while hgnbane- 
roots, which destroy mankind, prove a wholesome 
diet to swine. In like manner, aloes, which to 
Our own kind is a useful medicine, is a rank 
venom to dogs and ibxcs ; aiul the horse, which 
is poisoned by the phellaudrum aquaficum, or 
‘ water-hemlock, and corrosive suhlimatc, willtakc 
a dram of arsenic daily, and improve hereby 
both in his coat and condition. 

It has already appeared, that the secernent 
vessels of any part of the system, in order to 
accomplish a beneficial purpose, as, for example, 
thatof resioi'ing a destroyed or injured portion 
of an organ, may tliange their action, and secrete 
a material of a new nature and chaiacter. An 
equal change is not nnftequently produced 
under a morbiil habit, and tlie^ secretion will 
then be of a deletei ions instead of being of a 
healthy and sanative kind And hence, under 
the infinence of definite causes, the origin of 
such mischievous and fatal secretions, in some 
instances thrown forth generally, and in ethers 
only from particular organs, as the Matter of 
sraall-pox, measles, putrid fevers of various 
kinds, cancer, and by diophobia, or the poisonous 
salivTi of mad dt^s. 
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But the field opens before us to an unbounded 
extent, and we should lose ourselves in the 
subject if w'c were to proceed much farther. 
It is obvious, that in organic, as in inorganic 
nature, every thing is accurately arranged upon 
a principle of mutual adaptation, and regulated 
by an harmonious antagonism, a system of ojipo- 
site yet accordant powers', that balance each 
other with most marvellous nicety ; that increase 
and diminution, life and death, proceed with 
equal pace ; that foods are jioisons,- and poisons’ 
foods ; and finally, that there is good enough in 
the world, ifrightl)^ improveil, to make ns hapjiy 
in our respective stations so long as they aie 
allott(‘d tons, and evil enough to wean us fiom 
them by the time the grant of life is usually 
recalled. 


n D 1 
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LECTURE XV. 


ON THE EXTERNAL SENSES OF ANIMALS. 


The subject of study for the present lecture is 
the organs of external sense in animals : their 
origin, structure, position, and powers ; and the 
diversities they exhibit in different kinds and 
species. 

I'hc external senses vary in their number : in 
all the more perfect animals they are five ; and 
consist in the faculties of sight, smell, hearing, 
taste, and touch. 

It is by these conveyances that the mind or 
sensory receives a knowledge of whatever is 
passing within or without the system ; and the 
knowledge it thus gets possession of is called 
perception. 

The different kinds of perception, therefore, 
are as numerous as the different channels through 
which they arc received, and they produce an 
effect upon the sensory which usually remains 
for a long time after the exciting cause has 
ceased to operate. This effect, for want of a 
better term, we call impresstons ; and the parti- 
cular facts, or things impressed, and of which 
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the impressions retain, as it were, the print or 
picture, ideas. 

The sensory has a power of’ suffering this 
effect or these ideas to remain latent or unob- 
served, and of calling them into observation at 
its option ; it is the active exercise of “this power 
that constitutes thought. 

The same constitution, moreover, by wiiich 
the mind is enabled to take a review of any 
introduced impression, or to exercise its tlujughl 
upon any introduced idea, empowers it to com- 
bine such impressions or ideas into every pos- 
sible modification and variety. And hence arises 
an entirely new source of knowledge, tar more 
exalted in its nature, and infinitely nu»re exten- 
sive in its range : hence memory and the mental 
passions j hence reason, judgment, conscious- 
ness, and imagination, which have been correctly 
and elegantly termed the internal senses, in con- 
tradistinction to those by which we obtain a 
knowledge of things exterior to the sensorial 
region. 

Thus far wc can proceed safely, and tivl our 
way before us ; but clouds and darkness hang 
over all beyond, and a gulf unfathontable to the 
plummet of mortals. Of tlje sensory, or mind 
itself, we know nothing ; we have no chemical 
test that can reach its essence, no gla.sses that 
can trace its mode ol‘ union with the brain, no 
abstract principles that can determine the laws 
of its control. We see, however, enough to con- 
vince us that its powers are of a very different 
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description from tliose ol“ the body, and revela- 
tion informs us that its nature is so too. Let us 
receive the irifonnation with gratitude, and never 
lose sigiit of the duties it involves. 

But this subject >vould lead ns astray even at 
our outset : it is important, and it is enticing ; 
and the very sliades in which muolr of it is 
wrapi)ed up ])rove an additional incitement to 
our curiosity. It shall form the basLs of some 
subsequent investigation but our present con- 
cern is with the external senses alone. 

''J’liesc, for the most ]»un, issue from the brain, 
which, in all the more perfect animals, is an 
organ approaching to an oval figure ; and con- 
sists of three distinct parts: the cerebrum, or 
brain properly so called; the cerebel, or little 
brain, and the oblongated marrow. The first 
constitutes the largest and uppermost part; the 
second lies below and behind ; the third, level 
with the second, and in front of it — it appeals 
to issue equally out of the two other parts, and 
gives biith to the spinal marrow, which may 
hence bo regarded as a continuation of' the brain, 
extended througli the whole chain of the spine 
or back-bone. 

Troni this general organ arisgg a eertain num- 
ber of long, whitish, pulpy strings or bundles of 
fibres, <‘apab!c of being divided and subdivided 
into minuter bundles of filaments or still smaller 
fibres, as far as the powa- of glasses pan earr> 

{St’ricsi ill, ! u. HI iv, , 
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the eye. Tliesc strings arc denominated nerves ; 
and by their diflerent ramifications convey dii- 
fcreul kinds or modifications of sensation to dif- 
ferent parts of the body, keep np a ptrpetuai 
communication with its remotest organs, and 
give activity to the muscles. They have been 
supposed by earlier physiologists to be tubular 
or hollow, and a few experiments have been 
tried to establish this doctrine in the present 
day, but none that have proved salisfactoiy. 

As the brain consists of three geneml divi- 
sions, it might, at first sight, he suj)pos(>d that 
each of them is allotted to some distinct and 
ascertainable purpose : as, for example, that of 
Ibrming the seat of iiitelloct, or thinking ; the 
seat of the local senses of sight, sound, taste, 
and smell ; and the scat of general feeling or 
motivity. But tlve experiments of anatomists 
upon this abstruse subject, numerous and di\ cr- 
sified as they have been of late years, and, 
unhappily, iijiou living as well as upon dead 
animals, have arrived at nothing conclusive in 
respect to it; and have rather given rise to 
contending than to concurrent opinions. So 
that we are ncarl} or altogether unacquainted 
with the reason of this conformation, and of the 
respective share which each division l.dies in 
producing the general eliect. 

The nei-ves uniformly issue in pairs, one for 
each sitlc of the body, and the number of the 
pairs is thirty-niue ; of which nine rise imme- 
diately from the great divisions of the biain, 
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under which we have just contemplated it, and 
are cliiefly appropriated to the four local senses ; 
and thirty from the spinal marrow, through 
different apertures in the bone that encases it, 
and are altogether distributed over the body, to 
produce the fifth or general sense of touch and 
feeling, as also irritability to the muscles. 

That these nervous or pulpy fibres are the 
organs bywhich the various sensations are pro- 
duced or maintained is demonstrable from the 
following facts. If we divide, or tie, or merely 
compress a nerve of any kind, the muscle witli 
which it communicates becomes almost instantly 
palsied ; but upon untying or removing the 
compression the muscle recovers its feeling and 
mobility. If the compression be made on any 
particular portion of the brain, that part of the 
bod^ becomes motionless which derives nerves 
from the portion compressed. And if the cere- 
brum, ccrcbcl, or obi oi (gated marrow be irritated, 
excruciating pain or convulsions, or both, talse 
place all over the body, though chiefly where 
the irritation is applied to the last of these three 
parts. 

The matter of sensation, or nervous fluid, as 
for want of a more precise knowledge upon this 
subject we must still continue to call it, is pro- 
bably as homogeneous in its first formation as 
the fluid of the blood ; but, like the blood, it 
appears to be changed by particular actions, 
cither of particular parts of the brain, or of the 
particular nervous fibres themselves, ihto fluids 
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ol’ very different properties, and producing very 
different results. And it is probably in conse- 
quence of such changes alone that it is capable 
of exciting one set of organs to communicate to 
the brain the sensation of sound alone, anotlier 
set that of sight alone, and so of tlie rest. While 
branches from the spinal marrow, or fountain- 
nerve of touch, are diffused over every jiorlion 
of the body, sometimes in conjunction with tlic 
local nerves, as in the organs of local sense, and 
sometimes alone, as in every other part of the 
system. * 

Such an idea leads us naturally to a very 
curious and recondite subject, which has never, 
that I know of, been attended to by physiologists, 
and will at the same time throw no small degree 
of light upon it : — 1 mean the production of 
other senses and sensorial powers than are 
common to the more perfect animals, or such a 
modification of some one of them as may give 
the semblance of an additional sense. 

What, for example, is that wonderful power 
by which migratory birds and fishes are capable 
of steering with the precision of the expertest 
mariner from climate to climate, and from coast 
to coast ; and which, if possest by man, might 
perhaps fender superfluous the use of the magnet, 
and considerably infringe upon the science of 
logarithms ? "Whence comes it that the field-fare 
and red-wing, that pass their summers in Norway, 


* See Hunter’s A nini. Economy, p. 26 J, 262. 
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or the AvUd-duck and merganser, that in like 
manner summer in the woods and lakes of 
Lapland, are ahlc to track the pathless void of 
the atmosphere with the utmost nicety, and 
arrive on our own coasts uniformly in the 
beginning of October? or that the cod, the 
whiting, and the herring, should visit us in in- 
numerable shoals from quarters equally remote, 
and with an equal exactness of calculation? 
the cod pursuing die whiting, which flies before 
it, from the bunks of ISewfoinidland to the 
.southern coasts of Spain ; and the cachalot, or 
spermaceti wJiale, driving vast armies of herrings 
from the arctic regions, and devouring thousands 
of those that are in the rear every hour. 

Wc know nothing of this sense, or the means 
by which all this is produced: and knowing 
nothing of it, and feeling nothing of it, we have 
no terras by which to reason concerning it. 

Yet it is a sense not limited to migratory 
animals. A carrier-pigeon has been brought in 
a bag from Norwich to this metropolis, con- 
stituting a distance of 120 miles j and having 
been let oft’ with Jetter tied round its neck, 
from the top of St Paul’s, has returned home 
through the air in a straight line, in four or five 
hours. 

Buflbn asserts, that a hawk or eagle can travel 
two hundred leagues in ten hours, and relates 
a story of one that travelled two hundred and 
lilly leagues in sixteen hours. 

A Newfoundland dog has in like ’manner been 
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brought from Plymouth to London bj water, 
and having got loovse, has run liomc by land with 
a speed so rapid as to prove tlmt his course must 
have been nearly in a straight line, tiiough every 
inch of it was unknown to him. 

At such instances we start back, and as far as 
we can, we disbelieve them, and think we 
become wise in proportion as we liecome 
sceptical. Meanwhile nature pursues her wonder- 
working course, etpially uninfluenced by our 
doubts or our convictions. * 

liven among mankind, liow-u ('r, wo occasion- 
ally meet with a sort of sensation altogelhcr as 
Avonderful and inexpli<\sble. For there are .some 
persons so peculiarly affected by the presence of 
a particular object, that Is neither seen, smelt, 
tasted, heard, or touched, as not only to bo 

^ The fact of the mii^nuory power of one kinrl of auiuuils 
confirina the fact of the migratory power of othei>, Wljiltj 
the question was confined to l>irds» it wus too idlcn denied by 
man> merely from the <hn)culty of yeconniing for 

it; and it w<*s said, jn opposiUun to Calcsby aiid ^\ddte, and 
aii our best ornithologists, that our sunnner birds only dis- 
ajipcnr bv creeping into boles and crevices to hybernate. And 
hence, even so late as 1823, the late Di% .Tvniicr felt himself 
called ujjon to examine such as>crtions with a view of dis- 
proving them ; which be ha«> done in one of the most agreeable 
tssays on the natiual history of migratory birds to l>c found in 
our own or any other laneua'^e. A little refit ctioii,” ^ays he, 
“ must conijicl us to conte.*-s that they are eudovted \uih dis- 
criminating powers totally uTiknown to, and f(»r ever unat- 
tainable by man* I have np objection to admit the possibility 
that birds may be overtaken by the cold of n inter, and Urns 
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conscious of its presence, but to be in an agony 
till it is removed. The vicinity of a cat not 
unfrequently produces such an effect ; and I 
have been a witness to the most decisive proofs 
of this in several instances. It is possible that 
the anomalous sense may in this instance result 
from a peculiar irritability in some of the nervous 
branches of the organ of smell, which majr 
render them capable of being irritated in a new 
and peculiar manner : but the persons thus 
affected are no more conscious of an excitement 
in this organ of .sense than in any other ; and 
from the oj iginality of the sensation itself find 
no terras in any language by which the sensation 
can be expressed. 

Sharks and rays arc generally supposed by 
naturalists to be endowed with a peculiar sense 


be tlirown into the situation of other animals which reniaiu 
lor[)id at that season ; though I must own 1 never witnessed 
the fact, nor could I ever obtain evidence on the, subject that 
was to me satishtetory ; but, as it has been often asserted, may 
T be allowed to sujipose that some decejition might have been 
practised with the design of misleading those to whom it 
might seem to have appeared obvious Phib Trans. 1824, 
p, II. The strongest argument against all such disbelief^ 
arising from the dlihcully of accounting for the migration of 
birds, is to turn to the migration of Hshes, and to the parallel 
cases of remote travel in other animals, which are given 
above. The respective marvels give support to each other, 
liil disbelief itself becomes at length the greatest marvel of 
the whole. 
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in the organ of a tubular structure found im- 
mediately under, the integuments of the head, 
though they have not agreed as to the exact 
character of this additional sense. Trevannius 
calls it generally a sixth organ of sensation. 
M. Jacobson, and Dr. de Blainville, who quotes 
his authority, regard it as a local organ of touch. 
M. Roux, who seems to have examined it with 
great attention, believes it to be the source of a 
feeling of a middle nature bel ween 1 he two senses 
of touch and hearing.’' i'lte b.it appeals to 
have, in like manner, an addiliun li •''■nsific power, 
for it is observed to avoid esteiiial objects wlieii 
in their vicinity, while the eje, eai, and nose are 
closed, and there is no direct touch : and this 
peculiar feeling has been called a sixth sense 
generahy by naturalists, without discriminating 
it farther'. 

What is the cause of those jieculiar sensations 
which we denominate hunger and thirst ? A 
thousand theories havebi\‘n advanced to account 
for them, but all have proved equally unsatis- 
factory, and have died one after another almost 
as soon as they have received a birth. We trace 
indeed the organs in which they immediately 
reside, and know by the sensations themseh es 
that the one exists in the region of the stomach, 
and the otlicr in that of the tin oat : hut thougJi 
we call them sensations, they luue neither of 

* .See further on <his subject. Edinb. Touin. of Seknet, 
No. 111 . Art, in p, 87, I82~t. 
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them any of the common characters of touch, 
taste, hearing, seeing, or smellijng. 

Foods and drinks are the natural and common 
moans of quieting their pain, but there are other 
means that maybe also employed for this purpose, 
and which arc often found to answer as a tem- 
porary substitute: as, ibr instance, pressure 
against the coats of the stomach in the case of 
hunger, and slunulatiiig the salivary glands in 
the case of lltirst, It is hence that chewing a 
inouthlidof !ia\ alone, or merely moistened with 
water, jirows so icfre hing to a tired horse, and 
is f'oiiiul S') s, n icc'abie when w'c dare notallow 
him to slake his thust by drinking. Savages 
and savage beasts nie equally sensible of the 
advantaiic of jn e.-.suie in the case of hunger, and 
resort to it njion ail occasions in wliich the) 
cannot lake off the pain in the usnal wa\. 

The manis or pangolin liibcs, that swallow 
their food whole, will swallow stones or coals or 
any other substance, if they cannot obtain nnlri- 
inent : not that their instinct deceives them, hut 
for the purpose of acquiring such a pressure as 
may blunt the sense of hunger, which is found 
so corroding. Almost all carnivorous beasts 
piir.ue i!k‘ same plan ; and a mixture of pieces 
of coal, stone, slate, and earth, is often met with 
in the stomach of ostriches, cassoNvaries, and 
even toads, d'he Kamschadalc obtains the same 
purjiose by swallowing saw-dust ; and some of the 
northern Asiatic tribes by a board placed ovei 
the region of the stomach, and tightened behind 
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with cords, in proportion to the severity t>f’ the 
suffering. Even in our own country we often 
pursue the same end by the same means ; and 
employ a tight handkerchief, instead of' a 
tightened stomach-hoard. 

In consequence of this difference in the mode 
in which the matter of touch or general feeling is 
secreted under different circumstances, we may 
also perceive why some paiis of the body, 
although perhaps as largely fin nisln'il with the 
nerves of touch orgcneial f-H'line' a^ t'liu r jiarls, 
arc far less sensible and l he iiones, 

the teeth, and the t('iui<iii^: and vhy liie viry 
same parts should, under olhei encimisfaiiees, as 
when morbidly afi’ected, become the most 
soiisible or irritable of all the organs of the 
system . a fact well known to all, but 1 believe 
not hitherto satisfactorily accounted for by 
any one. 

We may see also wliy iidlamination, attacking 
different organs of tlu’ body, shoidd be accom- 
panied with very different sensations. In the 
bones and cartilages, e\ce})t in extreme cases, it is 
accompanied with a dull and heavy pain ; in the 
brain, with an opjires^ive and stupifying pain ; 
and in the stomach, with a nauseating uneasi- 
ness. So, again, in the skin, muscles, and cel- 
lular membrane, it is a pain that rouses and 
excites the system generally; but in those parts 
which arc supplied with the two branches of 
nerves which are called par vagum and sympa- 
thetic, as the loins and kidneys, the patient is 

K E 2 
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affected with lowness of spirits from the first 
attack of the inflammation.* 

Dr. Gall, whose physiological theory has 
excited so much attention of late years on the 
Continent, has endeavoured to account lor ail 
these varieties of ieeling, and, indeed, for all the 
animal sen'>es of ever} kind, both external and 
internal, by supposing some particular pait of 
the brain to be .dlotl<*d to each, and that the 
gencial chai i loi ind tempeiainent of the indi- 
\idual is I Ik k It (»f i lie different proportions 
which theo (h(< ( i )i.ufs or chambeis of the 
brain beai to < m< ..not her. He .supposes, also, 
that this 01 gall i'- [lossessed of two distinct sets 
of nervous fibres — a secernent and an ab.sorbent : 
both directly connected with what is called the 
cineiitioiis or ash-colourcd part of the brain j 
the former issuing flora it and secreting the 
fluid of the will, or that by which the mind 
operates on the muscles j and the latter teimi- 
natuig in it, and conveying to it the fluid of the 
external senses, secreted by those senses them- 
.solves, and connnunicating a knowledge of the 
presence and degree of power of external objects. 
This elaborate theory, and the facts to which it 
appeals, were very minutely investigated a few 
years ago by a veiy excellent committee of the 
physical class of the French National Institute, 
assisted by Mr. (now Dr.) Spurzheim, the inti- 
mate friend and coadjutor of its inventor, and 


• Hunttr on Bioud, \). 289, 290. 
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who is well known to have contributed quite as 
much to the establishment of' this spcculatioiv 
as himself. This committee, after a very minute 
and cautious research, ga\e it as a part of their 
report, that the doctrine of the origin and action 
of the nerves is probably correct ; but that this 
doctrine does not appear to ha\e any imme- 
diate or necessary connexion with (hat part of 
Dr. Gall’s theory which relates to distinct func- 
tions possessed by distinct parts of the brain. 
The origin, and distribution, and action, how- 
ever, of the nervous trunks June since been far 
more accurately traced out by Mr. (iharlcs ]>oll, 
M.Magendie, and various other ])hvsiologists ; 
while, in refutation of the doctrine that ascribes 
distinct functions to distinct parts of the brain, 
it may be sufficient to observe, for the present, 
that many of the nerves productive of different 
functions originate in the same part, while others, 
productive of the same function, originate in dif- 
ferent ])arts. 

There is no animal whose brain is a precise 
counterpart to that of man ; and it lias hence 
been conceived, that by attending to the distinc- 
tions between the human brain and that of other 
animals, we might be able to account for their 
different degrees of intelligence. Ihit the varie- 
ties are so numerous, and tin' parts winch are 
deficient in one animal are found connected 

* For an examination of tlic general subject of craniolo.jy 
and physioj:nonu% see Voi- in. Ser, in. Lect. xni. 
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with sucir Jicw cotoibinatioiis, modifications, and 
denciencics in others, that it is impossible for us 
to avail ourselves of any sucli diversities. Aris- 
totle endeavoured to establish a distinction by 
laying it down as a maxim that man has the 
largest brain of all animals in proportion to the 
size of liis body ; a maxim which has been almost 
unhersally received from his own time to the 
present period. Thit it lias of late years, and 
upon a more cxtensiv e cultivation of comparative 
analomy, been found to fail in various instances: 
for while tlie brain of' several species of the ape 
kind bears as large a proportion to the body as 
that of man, the brain of several kinds of birds 
bears a propori ion still larger. M. Sdniraering 
lias cariied llie eonijiarisou through a great 
diversity of genera and species: but the follow- 
ing brief table will be sufficient for the ])rCvSent 
jvurpose. Tlie weight of the brain to that of 
the body, forms — 

In man, from to /, part. 

— several tribes of simia — 

— dog - . — 

— eiepbaiil - - _ 

— sj)arrow - - — 

— canary bird - — 

— goose - . _ 

— turtle (smallest) - --5^-^ — 

M. Sdmmering has hence endeavoured to cor- 
rc ct the ndc of Aristotle by a modification, 
under whic’b it appears to hold universally ; and 
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|hus corrected, it runs as follows: “Man has 
the largest brain of all animals in ])roj)ortion t'> 
the general mass of nerves tliat issue from it.” 

Thus, the brain of tlie horse givi's only half 
the weight of that of a man, but the inavi'.s it 
sends forth are ten times as bulky. 'I'lu' largest 
brain which M.iSdimnering ever dissected in 
tlie horse tribe weighed only 1 lb. Loz., while 
the smallest he ever met with in an adult man 
was lb. oz.* 

Jtis a singular circumstance, that in the small 
heart-sliapod pulpy snbstauec of the imman 
brain, dcnoiuinated the pineal gland, and wlu'cli 
Descu'tes regaulcd as the <»(' the sotd, a 

coileciiou of sandy matter should uuaiialiK lie 
found after the Hist lew ve.'.rs of existence ; am! 
it is Mil moie ^iiiQ-ular tlial such matter has 
rarely, if ever, been detected but iu the brain of 
a few bisulealed animals, as that of the fallow- 
deer, io which it has bei'u hmiid h\ .Sdm- 
mei'ing I ; and that of <hc' goat, iu wiiieh it has 
bi'cii traced by Malaeanu ! 

d'he nenoii- sv'iti'a of all liic \(‘rteuial or 
first four classes of animals, — mamiuals, birds, 
ainplnbials, and lishcs, — aie ciiaracLeiised liy 
the two following prujiertics : — fiist, the organ 


Stutl. of klc.l. iv. It. 2it tslir. 

f Dis^'Crtiitio (le b.isi lOiicepluli, j7rS % and Tahuia os 
Encvphdli, 179!), lilumcnb. p. 21) 

{ Dissert, p. iO. 8oe alsti Wuiucnbatlj^ Anal. ( oiup 
4 20C), 
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of sense ednsists of a gland or ganglion, with ^ 
long and bifid chord or spinal marrow descend- 
ing from it, of a smaller diameter than the gland 
ilselfj and, secondly, both are severally inclosed 
in a bony case or covering. 

In man, as we have already observed, this 
gland, or ganglion, is (with a lew exceptions) 
larger than in any other animal, in proportion 
lo the size of the body; without any exception 
whatever in proportion to the size of the chord 
or spiiuil marrow that issues from it. 

In other animals, even ol'the vei'tcbral classes, 
or those immediately before us, we meet with 
every variety of proportion ; from the ape, 
which, in this respect, approaches nearest lo 
that of man, to tortoises and fishes, in which the 
brain or ganglion docs not much exceed the 
diameter of the spinal marrow itself,,. 

It Is not therefore to be wondered at that 
animals of a still lower description should exhi- 
bit proofs of a nervous chord or spinal marrow, 
without a superior gland or brain of any kind ; 
and that this chord should even be destitute of 
its common bony defence. And such is actually 
tlie conformation of the nervous system in 
insects, and, for the most part, in wonns ; neither 
of which are possessed of a cranium or spine, and 
in none of which we are able to trace more than 
a slight enlargement of the superior part of the 
nervous chord, or spinal marrow, as it is called 
in other animals — a part situated near the mouth, 



OF ANIMALS. 


425 


and apparently intended to correspond with the 
organ of a brain. The nervous chord, however, in 
tliese animals is, fur the most j)art, proportionally 
larger than in tliosc of a superior rank ; and at 
various 'distances is possessed of little knots or 
ganglions, from which fresh ramifications of 
nerves shoot forth, like branches from the trunk 
of a tree, and which may perhaps be regarded as 
so many distinct cerebeis or little brains. 

In zoophytic worms, we can scarcely trace 
any distinction of structure, and are totally 
unable to recognise a nervous sy^tc in of any kind. 
The common and almost transparent hydiu or 
polype, which is often to be found in the stag- 
nant waters of our own country, with a body 
about an inch long, and arms or tentacles in 
propo tion, appears to consist, when examined 
by the best glasses, of nothing but a granular 
structure, something like boiled sago, connected 
by a gelatinous substance into a definite form.'* 
Hydatids and infu.iory animals exhibit a similarity 
of make. The common formative principle of 
all these may be reasonably conjectureil to con- 
sist in the living power of the blood alone, or 
rather of the fluid which answ ers the purpose of' 
blood ; and their principles of action to be little 
moi’e than instinctive. 

Can we, then, conceive that all these different 
kinds, and orders, and classes of animals, thus 
differently organized and differently endowed 


^ Blfimciib. Anal. Coinj). ^203* 
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with intelligence, are possessed of an equality of 
corporeal feeling? or, to adopt the language of 
the poet, that — 

ihe poor worm thou treadSt oh, 

Li corporal suffering, feels a pang as great 
As when a giant dies ? 

This is an interesting question, and deserves 
to be examined at some length. It may, per- 
haps, save the heart of genuine sensibility from a 
few of those pangs which, even under the hap- 
j)iest circumstances of life, will be still called 
forth too frequently ; and if there be a human 
being so hardened and harharized as to take 
advantage of the conclusion to avIucIi the 
cmpiiry may lead us, he will furnish an addi- 
tional proof of its correctness in his owm person, 
anil show himself utterly unqualilied for tlie 
discussion. 

Life and sensation, ihen, are by no means 
necessarily connected : the blood is alive, but 
we all know it has no sensation ; and vegetables 
are alive, but wo have no reason to suppose they 
possess any. Sensation, so far as we arc able to 
trace it, is the sole result of a nervous structure. 
Yet, though thus limited, it has ali’eady ap- 
peared that it does not exist equally in every 
kind of the same structure, nor in every part of 
the same kind. The skin is more sensible to 
pain than the lungs, the brain,’ or the stomach; 
but even the skin itself is more sensible in some 
parts than in others, which are apparently sup- 
jdied with au equal number of’uerves, and of 
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nerves from the very same quarter. It is perhaps 
least sensible in the gums ; a little more so on 
the hairy scalp of the head ; much more so on 
the front ol‘ the body ; and most of all so in the 
interior of the eyelids : while the bones, t('cth, 
cartilages, cuticle, and cellular membrane, 
though largely supplied with nerves, have no 
sensation whatever in a healthy state. 

As the degree of intelligence decreases, we 
have reason to believe that the intensity of touch 
or corporeal feeling decreases also, excepting in 
particular organs, in which the sense ol' touch 
is emj)loyetl .as a local ))ower. And henct we 
may reasonably conjecture ih.il iti some of the 
lowest ranks of .animals, the sensibility may not 
exceed, even in their most li\ely organs, the 
acuttness of the human ccllniar membrane, 
cuticle, or gums. 

This, ho\ve\er, does not rest uiion conjecture 
or even upon loose indetimfe leasoniug. W'e 
find in our own s}s+cm that those parts which 
arc most independent of all the other parts, and 
can reproduce themselves most readii}, ate 
possest of the smallest jiortion ol' sensation ; 
such arc all the appendages of the true skin, the 
cuticle, horn, hair, beard, and nails : some of 
which arc so totally independent of the rest, that 
they will not only continue to live hut even to 
grow tor a long time after the deatli of every 
other part of the body. 

Now it is this very property by which c\ erv 
kind of animal below the rank of man is in a 
greater or less degiee distinguislicd fiom man 
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himself. All of them are compounded of organs 
■which in a greater or less degree approach 
towards that independence of the general system 
which, in man, the insensible or less sensible 
parts alone possess : and hence all of them are 
capable of reproducing parts that have been 
destroyed by accident or disease, with vastly more 
facility and perfection than mankind can do. 

I have once or twdee had occasion to apply 
this remark to the lobster, which has a power not 
only of reproducing its claws spontaneously, 
when deprived of tbcni by accident or disease, 
but of throwing them off spontaneously whenever 
laid hold of by them, in order to extricate itself 
from the imprisoning grasp. The tipula pectini- 
Jormis, or insect vulgarly called father-long-legs, 
and several of the spider family, arc possest of a 
similar pow^er, and exercise it in a similar manner. 
These limbs are renewed by the formative effect 
of the living principle in a short period of time: 
but it would be absurd to imagine that in thus 
voluntarily parting with them the animal puts 
himself to any very intolerable degree of painj 
for in such case he would not exert himself to 
throw them off*. The gad-fly, when it has once 
fastened on the hand, may be cut to pieces , 
apparently without much disturbance of its 
gratification ; and the polype appears to be in as 
perfect, health and contentment when turned 
inside out as when in its natural state. This 
animal may bo divided intq halves, and each 
half by its own formative and instinctive effort 
will produce the lialf that is deficient, and in 
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this manner an individual of the tribe may be 
multiplied into countless numbers. 

In many animals of the three classes of 
amphibials, insects, and worms, the most dreadful 
wounds that can be inflicte<l, unless actually 
mortal, seem hardly to accelerate death : and 
hence we have a decisive proof' that the pain 
endured by such animals must be very consider- 
ably and almost intinitely less than would be 
suffered by animals of a more perfect kind, and 
especially by man ; since in these tlu* pain itself^ 
and the sympathetic fe\ er which follows as its 
necessary result, would besulficient tokdi them 
independently of any other cause. 

The life of man is in jeopardy upon the 
fracture or amputation of a limb; ande\en at 
times when his body has been spattered over with 
a chaige of small shot, or only of gunpowder. 
But M. Ilibaud, with a spirit of experimenting 
that I will not justify, has stuck different beetles 
through with pins, and cut and lacerated others 
in the severest manner, all of which lived through 
their usual term of life as though no injury had 
been committed on them. Vaillant w ishing to 
preserve a locust of the Cape of Good Hope, 
took out the intestines, and filled the abdomen 
with cotton, and then fixetl it down bv a jiin 
through tile chest; yet after five months the 
animal still moved its feet and antennas. 

In the beginning of November Redi opened 
the skull of a laud tortoise, and excavated it of 
the whole brain. He expressly tells us that the 
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tortoise did not seem to suffer : it moved about 
as before, but groped for its path, for the eyes 
closed soon after losing the brain, and never 
opened again. A fleshy integument was produced, 
which covered the opening of the skull, but the 
instinctive power of the living principle was in- 
competent to renew the brain, and in the ensuing 
May, six inonlhs afterwards, the animal died. * 

Sj)alanzani has incontest ibly proved that the 
snail has a power of reproducing a new head 
when decapitated : but it should be remarked 
tliat the brain of the snail does not exist in its 
head. 

I will not pursue this argument any farther; 
it is in many icspects painful and abhorrent; 
and consists of experiments in which I never 
have been, and trust I never shall be, a paiti- 
cipant. But 1 avail myself of the facts themselves 
in order to establish an important conclusion in 
physiology, vhich I could not so well Inue es- 
tablished without them. 

Let us turn to a more cheerful subject, and 
examine a lew of those pecidiarities in the ex- 
ternal senses which characterize the different 
classes and orders of animals, so far as we are 
acquainted with such distinctions ; and admire 
the wisdom which they display. 

The only sense which seems common to 
animals, and which pervades almost the whole 
surface of their bodies, is that of general touch 
or feeling, whence M. Cuvier supposes that 

' Dalyell's Introtl. to his Trans!, of Spalanzani, p. \lv. 
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the material of touch is the sensorial power in 
its simplest and uucompouuded state ; and that 
the other senses are only modifications of this 
material, though peculiarly elaborated by pecu- 
liar organs, which are also cap;ible of receiving 
more delicate impressions.* Touch, however, 
has its peculiar local organ, as well as the other 
senses, for particular purposes, and purjioses in 
which unusual delicacy and precision arc 
required; in man this peculiar powder of touch 
is well know’ll to be seated in the nervous pajullie 
of the tongue, lips, andextrcmitie-, of the finders. 
Its situallun in other animals I shall advert to 
prcscntl} . 

Tlie differences in the external senses of the 
different orders and kinds of animals cousin in 
their number and degiec of cnerg}’. 

All the classes of vertebral animals possess the 
same number of senses as man. Sight is wanting 
ill zoopliytes, in various kinds of inoi hideous and 
aificulated A\<)rms, ami in the larves of several 
species of insects’. 1 fearing does not exist, or at 
least has not been traced to exi.-^t. in many mol- 
luscous worms and several insects in a perfect 
state. Taste and sntell, like the general and 
simple sense of touch, seem seldom to be want- 
ing in any animal. 

The local sense of touch, however, or that 
which is of a more elaborate cliaractcT and 
capable of being exercised in a higher degree. 


^ Anatom. Coniparnt. i 2 j. 
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appears to be confined to the three cksses of 
mammals, birds, and insects : and even in the 
last two it is by no means common to all of 
them, and less so among insects than among 
birds. 

In apes and macaucoes, constituting the 
quadruinana of Blumenbach, it resides partly in 
the tongue, and tips of the fingers, as in man, 
but equally, and in some species even in a 
superior degree, in their toes. In the racoon 
(ursus lotor) it exists chiefly in the under surface 
of the front toes. lu the horse, and cattle 
orders, it is supposed by most naturalists to exist 
conjointly in the tongue and snout, and in the 
pig and mole to be confined to the snout alone ; 
this however is uncertain j as it is also, though 
there seems to be more reason for such a belief, 
that in the elephant it is seated in the proboscis. 
Some physiologists have supposed the bristly 
hairs of the tiger, lion, and cat, to be an organ 
of the same kind ; but there seems little ground 
for sucli an opinion. In the opossum (and espe- 
cially the Cayenne opossum) it exists very visibly 
in the tail ; and M. Cuvier suspects that it has 
a similar existence in all the prehensile-tailed 
mammals. 

Blumenbach supposes the same sense to have 
a place in the same organ in the platypus or 
ornithorhynchus as he calls it, that most extra- 
ordinary duck-billed quadruped which has lately 
been discovered in Australia, and, by its inter- 
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mixture oi* orgiins, coulbutuls the different 
classes of* animals, and sets all natural arrange- 
ment at defiance. 

The local organ of touch or feeling in ducks 
and geese, and some other genera of birds, a])- 
j)ears to be situated in the integument which 
covers the extremity of the mandibles, and e.sj)e- 
cially the upper mandible, with which apparatus 
they are well known to feel for their food in the 
midst of mud in which they can neither see nor 
perhaps smell it. 

We do not know that aniphibials, fishes, (tr 
worms possess any thing like a local sense of 
touch ; it has been suspected in some of these, 
and especially in the arras of fhe cuttle-fish, 
and in the tentacles of worms that possess this 
organ, hut at present it is suspicion and nothing 
more. 

In the insect tribes, we have much reasem for 
believing sucJi a sense to reside in tlic antcjinas, 
or in the tentacle's; whence the former of these 
are denominated by the Genmm naturalists 
jTthlhoriu v or feeling-horns. This belief' lias not 
been fully established, but it is highly plausible, 
from the general possession of the otic or the 
other of' these organs by the insect tribes, tiio 
general purpose to which they apply them, and 
the necessity which there seems for some such 
organ from the crustaccous or horny texture of 
their external coat. 

Th9 senses of tastp and smell in animals 
bear -a very near allinily to the local sense of 

VOL. 1. 11 
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touch ; and it is difficult to determine whether 
the upper mandible of the duck tribe, with 
which they distinguish food in the mud, may not 
bo an organ of taste or smell as well as of touch j 
and there are some naturalists that in like man- 
ner regard the cirrous filaments or antennules 
attached to the mouths of insects as organs of 
taste and touch equally. Taste in the more 
perfect animals resides jointly in the papilla; of 
the tongue and the palate ; but I have already 
had occasion to observe that it may exist, and 
in full perfection, in the palate alone, since it 
has been found so in persons who have com- 
pletely lost the tongue from external force or 
disease. 

In animals that possess the organ of nostrils 
this is always the seat of smell ; and in many 
quadrupeds, most birds, and perhaps most fishes, 
it is a sense far more acute than in man, and 
that which is chiefly confided in. For the most 
part it resides in the nerves distributed over a 
mucous membrane that lines the interior of the 
bones of the nostrils, and which is called the 
Schneiderian membrane, in honour of M. Schnei- 
der, a celebrated anatomist, who first accurately 
described it. Generally speaking, it will be 
found that the acuteness of smell bears a pro- 
portion in all animals to the extent of surface 
which this membrane displays ; and hence, in the 
dog and cattle tribes, as well as in several others, 
it possesses a variety of folds or convolutions, and 
in birds is continued to the utmost points qf the 
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nostrils, wliicl’ in different kinds open in very 
different parts of the mandible. 

The frontal sinuses, which arc lined with this 
delicate membrane, are larger in the elephant 
than in any other quadruped, and in this animal 
the sense is also continued through the flexible 
organ of its proboscis. In the pig the smelling 
organ is likewise very extensive ; and in inobt of 
the mammals possessing proper horns it ascends 
as high as the processes of the frontal bone from 
which tlic horns issue. 

It is not known that the cetaceous tii!>es 
possess any organ of smell ; their blowing-lioles 
are generally regarded as such ; but the point 
has been by no means fully enlablished. Wi* are 
in the same uncertainty in respect to nni]>hibiais 
and vorms ; the sense is suspected to exist in 
all the former, and in several of the latter, espe- 
cially in the cuttle-lish, but no distinct organ 
has hitherto been traced out sal isfactorily. 

In fishes thiic is no doubt; the ollactory 
nerves are very obviously distributed on an 
olfactory membrane, and in several instances 
the shouts are double, and consequently the 
nostrils quadruple, a pair for each snoul. Tlii.s 
powerful inlet of pleasure to fishes often jinnes 
tatal to them from its very perfection ; for st veral 
kinds arc so strongly allured by the odour of 
niarjorum, assafietida, and other aromas, that by 
smearing the hand over with these substances, 
and immersing it in the water, they will often 

F F 2 
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flock towards the fingers, and in their intoxica^ 
tion of delight may easily be laid hold of. And 
hence the angler frequently overspreads his 
baits with the same substances, and thus arms 
himself with a double decoy. 

There can be no doubt of the existence of the 
same sense in insects, for they possess a very 
obvious power of distinguishing the odorous 
properties of bodies, even at a considerable 
distance beyond the range of their vision : but 
the organ in which this sense resides has not 
been satisfactorily pointed out ; Rcimai sup- 
poses it to exist in their stigmata, and Knoch 
in their anterior pair of feelers. 

The general oi'gan of hearing is the car, but 
not always so ; for in most of those who hear by 
the Eustachian tube only, it is the mouth, and 
in the whale tribes the nostrils or blow-hole. 
It is so, however, in all the more perfect animals, 
which usually for this purpose possess two dis- 
tinct entrances into the organ, a larger and 
external, surrounded by a lobe; and a smaller 
and intenial, opening into tJie mouth. It is this 
last which is denominated the Eustachian 'tube. 
Tlie shape of the lobe is seldom found even in 
mammals similar to that in man, excepting 
among the monkey and the porcupine tribes. 
In many kinds there is neither external lobe nor 
external passage. Thus, in the frog, and most 
amphibious animals, the only entrance is the 
internal, or that from the mouth ; and in the 

2 ^ 
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cetaceous tribes the only effective entrance is 
probably of the same kind ; for, though these 
may be said to possess an external ai)ertiue, it is 
almost imperceptibly minute. It is a curious 
fact, that, among the serpents, the blind-wonn 
or common harmless snake is the only species 
tliat appears to possess an aperture of either 
sj»il ; the rest have a rudiment of the organ 
within, but we are not acfpiaintcd with its being 
pervious to sound. 

Fishes arc w'cll knowm to possess a hearing 
organ, and the skate and shark have the rudi- 
ment of an external ear; but, like other fishes, 
they stem chiefly to rccene sound by the in- 
ternal tubide alone. 

That insects in general hear is unquestionable, 
i'ut it is highly quest ionable by what organ they 
obtain the sense of hearing. The antennas, and 
pcrha])s merely because we do not know their 
exact use, have been supposed by many natu- 
ralists to furnish die means; it appears fatal, 
however, to this opinion to observe, that b]>idcrs 
iicar though they hu\c no true antennas, and 
that other insects which possess them naturally 
seem to hear as correctly after they are cut off. 

The sense of vision exhibits perhaps more 
variety in the different classes of animals than 
any of the external senses. In man, and the 
greater number of quadrupeds, it is guarded by 
an upper and lower eye-lid ; both of which in 
man, but neither of which in most quadrupeds, 
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are terrainated by the additional defence and 
ornament of cilia or eye-lashes. In the ele- 
phant, opossum, seal, cat kind, and various 
other mammals, all birds, and all fishes, vv'e find 
a third eye-lid, or nictitating membrane, as it is 
usually called, arising from the intenial angle 
of the eye, and capable of covering the pupil 
with a thin transparent veil, either wholh' 
or in part, and hence of defending the eyes 
from danger in their search after food. In the 
dog this membrane is narrow ; in oxen am horses 
it will extend over half Ihc e} e-ball; in biuls it 
will easily cover the whole ; and it is by jueans 
of this veil, according to Cuvier, that the eagle 
is capable of looking directly against the noon- 
day sun. In fishes it is almost always upon the 
stretch, as in their uncertain element they are 
exposed to more dangers than any other animal. 
Serpents have neither this nor any other cyc-lid ; 
nor any kind of external defence whatever but 
the common integument of the skin. 

The largest eyes in projiortidn to the size of 
the animal belong to the bird tribes, and nearly 
the smallest to the whale ; the smallest altoge- 
ther to the shrew and moU' ; in the latter of 
which the eye is not larger than a pin’s head. 

The iris, witli but few exceptions, partakes of 
the colour of the hair, and is hence peipetually 
varying in diflferent species of the same genus. 
The pupil exhibits a very consideiablc, though 
not an equal, variety in its shape. Jn man it is 
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circular ; in the lion, tiger, and indeed all the 
cat kind, it is oblong j transverse in the liorse 
and in ruminating animals ; and lieart-shaped 
in the dolphin. 

Ill man, and the monkey tribes, the eyes are 
jilaced diri'i tly under the forehead j in other 
inamuicils, birds, and reptiles, more or less 
laferallyjin some fishes, as the genus plenro- 
iieclcs, iiu'liuliiig the tnrbol and flounder tribes, 
liolli eye " are placed on the same side of the 
'head ; in the snail llicv are situated on its liorns, 
/if the black points on the extremities of the 
iiorns ot’lhis worm be real eyes, of which, how- 
ever, llu'ic is Some doubt ; in spiders the eyes 
are distrilnitcd over diffcreni parts of' the body, 
and in different arrangements, usually eight in 
number, and never h'ss than six. Tlic eyes of 
the sepia have lately been deteclcd by M. Cuvier ; 
their construction is very beautiful, and nearly 
as complicated as that of vertebra ted animals. * 
Polypes and several other zoophytes appear 
sensible of the piesiuice of light, and yet have 
no eyes ; as the nostrils are not in every animal 
necessary to the sense of smell, the tongue to 
that of taste, or tlie ears to that of sound. 
A distinct oigan is not always requisite for a 
distinct sense. In man himself we have already 
seen this in regard to the sense of touch, which 
exists both locally and generally ; the distinct, 

Le R^gnc Animale distiibuu d’apres son Organizalion, 

4 tomes, 8vo, I’ans, 1817. 
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organ of touch is the tips of the tongue and 
ofthe fingers, but the feeling is also diffused, 
tliough in a subordinate and less precise degree 
over every part of the body. It is possib 
therefore, in animals that appear endowed wi 
particular senses without particular organs fi 
their residence, that these senses are diffusea 
like that of touch, over the surface generally ; 
though there can be no doubt that, for want o, 
such appropriate organs, they must be less acute 
and precise than in animals that possess them. 

But who of us can say what is possible ? who 
of us can say what has actually been done? 
After all the assiduity with which this attractive 
science has been studied, from the time of 
Aristotle to that of Lucretius, or of Pliny, and 
from these periods to the present day, — after 
all the wonderful and important discoveries 
which have been developed in it, natural history 
is even yet but little more than in its infancy, 
and zoonomy is scarcely entitled to the name of 
a science in any sense. New varieties and spe- 
cies, and even kinds of beings, arc still arising to 
our view among animals, among vegetables, 
among minerals : — new structures arc detecting 
in those already known, and new laws in the 
application of their respective powers. 

But the globe has been upturned from its 
.foundation } and with the wreck of a great part 

Stud, of Med. Vol. iv. p. 14. edit. 2d, 1825. 
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of its substance has intermingled the wreck of 
a great part of its inhabitants. It is a most 
extraordinary fact, that of the five or six distinct 
layers or strata of which the solid crust of the 
eartli is found to consist, so far as it has ever 
been dug into, the lowermost, or granitic, as we 
observed on a former occasion *, contains not 
a j)article of animal or vegetable materials of any 
kindj the second, or transition formation, as 
W erner has denominated it, is filled, indeetl, witli 
fi'ssil relics of animals, but of animals not one 
of vhich is to be traced in a living state in the 
present day j and it is not till we ascend to the 
third, or floetz stratification, that we meet with 
a single orgaiiic remain of known animal struc- 
tures. 

11. Cuvier has been engaged for the last fifteen 
years in forming a classification, and establishing 
a museum of nondescript animal fossils, for the 
purpose of deciding, asiiir as may be, the general 
nature and proportion of those tribes that are 
now lost to the world : and in the dej)artment of 
quadrupeds alone, his collection of unknown 
species amounted in the year 1810 to not less 
than seventy-eight, some of which he has been 
obliged to arrange under new genera, as we 
shall have occasion to notice still llirther in a 
subsequent study. In the new and untried soil 
of America, the bones of unknown kinds and 
species lie buried in profusion ; and my late 

^ Vol. I. Ser. I. Led, vi. p. 132. 
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fl'ieiid, Professor Barton, of Philadelpliia, one of 
our first transatlantic physiologists, informed me 
by letter a short time before his death, that they 
are perpetually turning up skeletons of this 
description, whose living representatives are no 
where to be met with. 

In few words, every region has been enriclied 
with wonders of animal life that have long been 
extinct for ever. Where is now that enormous 
mammoth, whose bulk outrivalled the ele- 
phant’s * ? where that gigantic tapir, of a struc- 
ture nearly as mountainous *, whose huje 
skeleton has been found in a fossil state 
France and Cermanyj whilst its only livinj 
type, a pigmy of what has departed, exists it 
the wilds of America ? where is now the breath 
ing form of the fossil sloth of America, the 
magalonix of Cuvier, whose size meted that of 
the ox ? where the mighty monitor *, out- 
stripping the lengthened bulk of the crocodile ? 
itself too, a lord of the ocean, and yet, whose 
only relics have been traced in the quarries of 
Maestricht ; to which, as to another leviathan, we 
may well apply the forcible description of the 
Book of Job, “ at whose appearing the mighty 
were afraid, and who made the deep to boil as 
a cauldron : who esteemed iron as straw, and 
brass as rotten wood ; who had not his like upon 
the earth, and was a king amidst the children 
of pride.” t 

* Sec Vol. II. Ser. ii. Lect. ii. p. 65. 

i J0b.xti.2r). 27.31.33,34. 
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Over this recondite and bewildering subject 
sceptics have laughed and critics have puzzled 
themselves ; it is natural history alone that can 
find us a clue to the labyrinth, that enables ns 
to repose faith in the records of antiquity, and 
that establishes the important position, that the 
extravagance of a description is no argument 
against the truth of a descri])tion, and that it 
is somewhat too much to deny that a thing has 
existed formerly, lor the mci'c reason that it does 
not exist now. 
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